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The Select Commltteeappointed to inquire into, and to report upon, the pro" 
■ portion of lolls whicii ought to be imposed upon coaches and wlher veht- 
cleapropelledby steam or gas.uponlunipikeroads; and also, to inquire into, 
and to report upon, the rate of loll actually levied upon such coaches or 
other vehicles under any acts of Parliament now in force; and who were 
instructed to inquire generally into the present state and future prospect) 
of land carriage by means of wheeled vehicles propelled by steam or gM 
on common roads; and to report upon the probable utility which the pub- 
lie may derive therefrom; and who were empowered to report the mi- 
nutes of the evidence taken bofore them, to the House; have examine) 
the matters referred to them, and agreed to the following report: 

The committee proceeded, in the first instance, to inquire how far thr^ 
science of propelling carriages on common roads by ipeans of steam or me- 
chanical power, had been carried into practical operation; and whetherlliC' 
result of the experiments already made hail been su£Gciently favorable Li> 
justify their recommendingto the House that protection should be extended 
to this mode of conveyance, should the tolls imposed on steim carriages, hy 
local acts of Parliament, be found prohibitory or excessive. 

In the progress of their inquiry, Ihey have extended their examination to 
the following points, on which the chief objections to this application of 
steam have been founded, viz. the insecurity of carriages so propelled, from 
the chance of explosion of the boiler, and the annoyance caused to travel- 
lers, on public roads, by the peculiar noise of the machinery, and by the 
escape of smoke and waste steam, which were supposed to be iDseparablr 
accompaniments. 

It being also in chargi* to the committee, "to report upon the proporti. 
of tolls which should be imposed upon steam carriages," they have examin- 
ed several proprietors of those already in use, as to ihe effect produced on 
the surface of roads by the action of the propelling wheels. 

As this was loo important a branch of their inquiry to rest entirely on tU^ 
evidence of individuals, whose personal interest might have biassed their 
■opinions, the committee also examined .several very scientific engineers, by 
whose observations, on the causes of the ordinary wear of roads, they hare 
been greatly assisted. 

The committee weredirected also to report "on the probable utility whisi 
the public may derive from Ihe use of steam carriages." On this point they 
have examined a member of the committee, well known forhis intelligence 
and research on subjects connected with the inleresis of society, and tliey 
feel thai ihey cannot fulfil this part of their instructions better than by merely 
referring the House to the evidence of Colonel Torrens. 

These inquiries have led the committee to believe that the substitution of 
inanimale lor animal power, in draught on common roads, is one of the 
most iniporlant improvements in the means of inlernal co;nmuu\ca'.\civi ^t*::! 
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introduced. Its practicability they consider to have been fully established; 
its general adoption will take place more or less rapidly, in proportion as 
the attention of scientific men shall be drawn, by public encouragement, to 
further improvement. 

Many circumstances, however, must retard the general introduction of 
steam as a substitute for horse power on roads. One very formidable obsta- 
cle will arise from the prejudices which always beset a new invention, es- 
pecially one which will at first appear detrimental to the interests of so many 
individuals. This difficulty can only be surmounted by a%ng course of sue* 
cessful, though probably unprofitable, experiment. The great expense of 
the engines must retard the progress of such experiments. The project- 
ors will, for a long period, work with caution, fearing not only the expense 
incurred by failure, but also that too sudden an exposure of their success 
would attract the attention of rivals. It is difficult to exemplify to the House 
how small and apparently unimportant an adaptation of the parts of the ma- 
chinery, or of the mode of generating or applying the steam, may be the cause 
of the most rapid success; yet he who, by along course of experiment, shall 
have first reached this point, may be unable to conceal the improvement, and 
others will at once reap the benefit of it. 

The committee are convinced, that the real merits of this invention are 
such, that it may be safely left to contend with these and similar difficulties; 
there are others, however, from which the legislature can alone relieve it. 
Tolls, to an amount which would utterly prohibit the introduction of steam 
carriages, have been imposed on some roads; on others, the trustees have 
adopted modes of apportioning the charge which would be found, if hot ab« 
solutely prohibitory, at least to place such carriages in a very unfair position 
as compared with ordinary coaches. 

Two causes may be assigned for the imposition of such excessive tolls 
upon steam carriages. The first, a determination on the part of the trus- 
.iptifif to obstruct, as much as possible, the use of steam as a propelling power; 
'the second, and probably the more frequent, has been a misapprehension of 
their weight and efiect on roads. Either cause appears to the committee a 
sufficient justification for their recommending to the House, that legislative 
protection should be extended to steam carriages with the least possible delay. 

It appears from the evidence, that the first extensive trial of steam as an 
agent in draught on common roads, was that by Mr. Gurney, in 1829, who 
travelled from London to Bath and back in his steam carriage. He states, 
that although a part of the machinery which brings both the propelling wheels 
into action when the full power of the engine is required, was broken at 
the onset, yet that, on his return, he performed the last eighty-four miles, 
from Melksham to Cranford bridge, in ten hours, including stoppages. Mr. 
Grurney has given to the committee very full details of the form and power 
of his engine, which will be found in the evidence. 

The committee have also examined Messrs. Summers & Ogle, Mr. Han- 
cock, and Mr. Stone, whose steam carriages have been in daily use, for 
some months past on common roads. It is very satisfactory to find that* 
although the boilers of the several engines described, vary most materially 
hi form, yet that each has been found fully to answer the expectation oi* its 
inventor. So well, in fact, have th^ir experiments succeeded, that in each 
ease where the proprietors have ceased to use them, it has only been for the 
purpose of constructing more perfect carriages, in order to engage more ex« 
tensively in the business. 
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When we consider Ihat these trials have been mude under the most 
vorable circumstances — at great expense — in total uncertainty- 
any of those guides which experience has given to other branches of engi- 
neering; — that those enEageil in making (hem are persons looking solely 
to their own interest, and not theorists sttemptine the perfection of ingeni- 

' ous models; — whtin we find them convinced, after long experience, that 
they are introducing such a mode of conveyance as shall tempt the public, by 
its superior advantages, from the use of the admirable lines of coaches which 
have been generally established — it surety cannot be contended that the 

I introduction of steam carriages on common roads is, as yet, an uncertain 

> experiment, unworthy of legislative attention. 

I Besides the carriages already described, Mr. Gurney has been informed, 
that from "twenty to forty others arc being built by different persons, all 
of which have benn occasioned by his decided journey in 1829." 

The committee have great pleasure in drawing the attention of the House 
to the evidence of Mr. Farey. His opinions arc the more valuable from 

i his uniting, in socreatadegree, scientific knowledge to a practical aequaint- 

I ance with the subject under consideration. He slates that he has ''no 
doubt whatever but that a steady perseverance in such trials will lead to the 
general adoption of steam carriages:" and again, 'Hhat what has been done 
proves to his satisfaction the practicability of impelling stage coaches by 
steam) on good common roads, in tolerably level parts of the country, with- 
out horses, at a speed of eight or ten miles per hour." 

Much, of course, must remain to be done in improving their efficiency; 

' yet Mr. Gurney states that he has kept up steadily the rate of twelve miles 
per hour; that " the extreme rate at which he has run is between twenty 
and thirty miles per hour." 

Mr. Hancock "rekona lhat, with his carriage, he could keep up a speed 
often miles per hour, without injury to the machine." 

Mr. Ogle states ' ' that his experimental carriage went from London to 
Southampton, in some places, at a velocity of from thirty -two to thirty-five 
miles per hour." 

I " That they have ascended a hill rising one in six, at sixteen and a half 

1 miles per hour, and four miles of the London road at the rate of twenty- 

I four miles and a halfper hour, loaded with people." 

I " That his engine is capable of carrying three tons weight, in addition to 

f Its own." 

I Mr. Summers adds, " thai they have travelled in the carriage at the rate 

I of fifteen miles per hour, with nineteen persons on the carriage, up a hill 
■ one in twelve." 
" That he has continued, for four hours and a half, to travel at the rate of 
thirty miles per hour." 
'• That he has found no difficulty of travelling over the worst and most 
hilly roads." 

Mr. James Stone states that " thirty-six persons have been carried on 
one steam carriage." 

" That the engine drew five times its own weight nearly, at the rate of 
from five to six miles per hour, partly up an inclination." 

The several witnesses have estimated the probable saving of expense to 
the public, from the substitution of steam power for lhat of hoi-ses, at from 
A^htii to two-thirds. Mr. Faray gives, aa hia opinion, " thtf Hftan 
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coacheB will, very soon affer their first establishmenty be run for one-third 
of the cost of the present stage coaches." 

Perhaps one of the principal advantages resulting from the use of steam, 
will be, that it may be employed as cheaply at a quick as at a slow rate; 
**1biB is one of the advantages over horse labor, which becomes more and 
more expensive as the speed is increased. There is every reason to ex- 
pect that, in the end, the rate of travelling- by steam will be much quicker 
than the utmost speed of travelling by horses; in short, the safety to travel- 
lers will become the limit to speed." In horse draught the opposite result 
tikes place; ^< in all cases horses lose power of draught in a much greater 
proportion than they gain speed, and hence the work they do becomes more 
expensive as they go quicker." On this, and other points referred to in 
the report, the committee have great pleasure in drawing the attention of 
the House to the valuable evidences of Mr. Davies Gilbert 

Without increase of cost, then, we shall obtain a power which will insure 
a rapidity of internal communication far beyond the utmost speed of horses 
in draught; and although the performance of these carriages may not have 
hitherto attained this point, when once it has been established, that at equal 
speed we can use steam more cheaply in draught than horses, we may fairly 
anticipate that every day's increased experience in the management of the 
engines, will induce greater skill, greater confidence, and greater speed. 

The cheapness of the conveyance will probably be for some time a secon- 
dary consideration. If at present it can be used as cheaply as horse power, 
the competition with the former modes of conveyance will first take place 
as to speed. When once the superiority of steam carriages shall have been 
fuliy established, competition will induce economy in the cost of working 
them. The evidence, however, of Mr. Macneil, showing the greater eflS- 
ciency, with diminished expenditure of fuel, by locomotive engines on rail- 
ways, convinces the committee that experiepce will soon teach a better 
construction of the engines, and a less costly mode of generating the re* 
quisite supply of steam. 

Nor are the advantages of steam power confined to the greater velocity 
attained, or to its greater cheapness than horse draught In the latter, dan- 
ger is increased, in as large a proportion as expense, by greater speed. In 
steam power, on the contrary, "there is no danger of being run away with, 
and that of being overturned is greatly diminished. It is di£Scult to con- 
trol four such horses as can draw a heavy carriage ten miles per hour, ia 
case they are frightened or choose to run away; and for quick travelling 
they must be kept in that state of courage, that they are always inclined for 
running away, particularly down hills and at sharp turns of the road. In 
steam, however, there is little corresponding danger, being perfectly con- 
trollable, and capable of exerting its power in reverse in going down hills." 
Every witness examined has given the fullest and most satisfactory evidence 
of the perfect control which the conductor has over tlie movement of the 
* arriage. With the slightest exertion it can be stopped or turned, under cir- 
cumstances where horses would be totally unmanageable. 

The committee have, throughout their examinations, been most anxious to 
ascertain whether the apprehension very commonly entertained, that an ex- 
tensive use of these carriages on roads would be the cause of frequent acci- 
dents and continued annoyance to the public, were well founded. 

The danger arising from the use of steam carriages, was stated to be two- 
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fold; that to which passensers are exposed from explosion of the boiler^ and 
the breaking of the machinery^ and the effect produced on horses by the 
noise and appearance of the engine. 

Steam has been applied as a power in draught in two ways: in the one» 
both passengers and engine are placed on the same carriage; in the other, 
the engine carriage is merely used to draw the carriage in which the load is 
conveyed. In either case, the probability of danger from explosion has 
been rendered infinitely small, from the judicious construction of boiler 
which has been adopted. 

These boilers expose a very considerable surface to the fire, and steam i^b 
generated with the greatest rapidity. From their peculiar form, the requi- 
site supply of steam depends on its continued and rapid formation; no large 
and dangerous quantity can at any time be collected. Should the safety 
valve be stopped, and the supply of steam be kept up in a greater abundance 
than the engines require, explosion may take place, but the danger would 
be comparatively trifling, from the small quantity of steam which could act 
on any one portion of the boilers. As an engine, invented by Mr. Trevi- 
' thick, has not been as yet applied to carriages, the committee can do no 
more than draw the attention of the House to the ingenuity of its contri- 
vance. Should it in practice be found to answer his expectation, it will re- 
mbve entirely all danger from explosion. In each of the carriages described 
to the committee, the boilers have been proved to a considerably greater 
pressure than they can ever have to sustain. 

Mr. Farey considers that << the danger of explosion is less than the dan- 
ger attendant on the use of horses in draught; that the danger in these boilers 
is less than in those employed on the railway, although there even, the in- 
stances of explosion have been very rare." The danger arising to passen> 
gers from the breaking of the machinery, need scarcely be taken into con- 
sideration. It is a mere question of delay, and can scarcely exceed in fre- 
quency the casualties which may occur with horses. 

It has been frequently urged against these carriages, that wherever they 
shall be mtroduced, they must effectually prevent all other travelling on the 
road, as no horse will bear quietly the noise and smoke of the engine. 

The committee believe that these statements are unfounded. Whatever 
noise may be complained of, arises from the present defective construction 
of the machinery, and will be corrected as the makers of such carriages gain 
greater experience. Admitting even that the present engines do work with 
some noise, the effect/on horses has been greatly exaggerated. AH the wit-^ 
nesses accustomed to travel in these carriages, even on the crowded roads 
adjacent to the Metropolis, have stated that horses are very seldom fright- 
ened in passing. Mr. Farey and Mr. Macneil have given even more 
favorable evidence in respect to the little annoyance they create. 

No smoke need arise from such engines. Coke is usually burned in loco- 
motive engines, on railways, to obviate this annoyance; and those sleam 
carriages which have been hitherto established also bum it. Their liability 
to be indicted as nuisances will sufficiently check their using any offensive 
fuel. 

There is fio reason to fear that waste steam will cause much annoyance, i 
In Mr. Hancock's engine it passes into the fire, and in other locomotive 
engines it is used in aid of the power, by creating a quicker draught and 
more rapid combustion of the fueL In Mr. Trevlthick's engine it will be 
returned into the boiler. 
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The committee not having received evidence that gas has been practical- 
ly employed in propelling carriages on common roads, have not considered 
it expedient to inquire as to the progress made by several very scientific 
persons who are engaged in making experiments on gasses, with the view 
of procuring a still cheaper and more efficient power than steam. 

The committee having satisfied themselves that steam has been successful- 
ly adopted as a substitute for horse power on roads, proceeded to exan«ine 
whether tolls have been imposed on carriages thus propelled, so exceMive 
as to require legislative interference, and also to consider the rate of tolls by 
which steam carriages should be brought to contribute, in fair proportion 
with other carriages, to the maintenance of the roads on which they may be 
qsed. 

They have annexed a list of those local acts in which tolls have been 
been placed on steam, or mechanically propelled carriages. 

Mr. Gurney has given the following specimens of the oppressive rates of 
tolls adopted in several of these acts: On the Liverpool and Prescot road, 
Mr. Gurney's carriage would be charged £2 8s. while a loaded stage cosoh 
would pay only 4s. On the Bathgate road the same carriage would be 
charged J^l 7s. Id., while a coach drawn by four^horses would pay 5s. On 
the Ashburnham and Totness road Mr. Gurney would have to pay £2, while 
a coach drawn by four horses would be charged only 3s. On the Teign* 
mouth and Dawlish roads the proportion is 12s. to 2s. 

Such exorbitant tolls on steam carriages can only be justified on the fol- 
lowing grounds: 

First, because the number of passengers conveyed on, or by, a steam car- 
riage will be so great as to diminish (at least the extent of the difference of 
the rate of toll) the total number of carriages used on the road; or, secondly, 
because steam carriages induce additional expense in the repairs of the road. 

The committee see no reason to suppose that, for the present, the substi- 
tution of steam carriages, conveying a greater number of persons than com- 
mon coaches, will take place to any very material extent; and, as to the se- 
cond cause of increased charge, the trustees, in framing their tolls, have pro- 
bably not minutely calculated the amount of injury to roads likely to arise 
from them. 

The committee are of opinion that the only ground on which a fair claim 
to toll can be made on any public road, is to raise a fund which, with the 
strictest economy, shall be just sufficient, first, to repay the expense of its 
original formation; secondly, to maintain it in good and sufficient repair. 

Although the committee anticipate that the time is not far distant when, 
in firaming a scheme of toll for steam carriaaes, their general adoption, and 
the great number of passengers which willbe conveyed on a small num- 
ber of vehicles, will render it necessary not only to consider the amount of 
injury actually done to the road, but also the amount of debt which may 
have been incurred for its formation or maintenance; yet at present they 
fed justified by the limited number of such carria^^ and by the great diffi- 
culties they will have to encounter, in recommending to the House, that, in 
adopting a system of toll, the proportion of << wear and tear'^ of roads by 
steam, as compared with other carriages, should alone be taken- into conside* 
ration. 

Unless an experiment were instituted on two roads, the one reserved 
solely for the use of steam coaches, the other for carriages drawn by horses, 
for the purpose of ascertaining accurately the relative wear of each, it would 
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. be quite impossible to fix with certainty the proportion of . tolls to which, on 
^ the same roa4| each class of vehicles should be liable. To approximate, 
however, as nearly as possible to the standard of relative wear, the commit- 
tee have compared the weights of steam carriages with those of loaded van- 
and stage coaches. They have tried to ascertain the causes of the wear of 
roads; also the proportion of injurv done by the feet of horses and the 
wheels of coaches; how far that injury is increased by increased velocity, 
and also in what degree the wear of roads by loaded carriagis may be de- 
creased by any particular form of wheel. 

The committee would direct the attention of the House especially to the 
evidence of Mr. Macneil, whose observations on this branch of the subject, 
being founded on a long course of very accurate experiment, are peculiarly 
ijiterestiog and useful. He estimates that the feet of horses drawing a fast 
coach, are more injurious to the road than the wheels, in the proportion 
of three to one,, nearly; that this proportion will increase with the velocity; 
. that by increasing the breadth of the tires of the wheels, the injury done to 
roads by great weights may be counteracted. He considers that, on a good 
road, one ton may be safely carried on each inch of width of tire of the 
wheels. 

Mr. M'Adam and Mr. Telford have given corresponding evidence as to 
the greater wear caused by horses' feet than by wheels of carriages. 

Each of the above witnesses asrees, that, adding the weight of the horses 
to that of the coach, and comparing to the injury done to a road by a steam 
carriage of a weight equal to that of the coach and horses (the wheels being 
of a proper width of tire), the deterioration of the road will be much less 
by the steam carriage than by the coach and horses. 

As to the injury to roads which is anticipated from the <^ slipping'' of the 
wheels, it may safely be left to the proprietors to correct: the action of the 
wheel slipping involves a waste of power and an useless expenditure of fuel, 
which, for their own sakes, they will avoid. 

Apprehension has also been entertained that, although the peculiar action 
of tlie wheels may not be injurious, yet that, from the great power which 
may be applied if the steam were woriced at very high pressure, or if the 
size of the engine were increased, greater weight might be carried than the 
strength of the road could bear. 

Undoubtedly, in proportion to the advance of the science, will be the in- 
crease of weight drawn by an engine with a given expenditure of fuel; but 
there are many practical difficulties to be surmounted before the weight so 
drawn can reach the point when it could be destructive of roads. There are 
no theoretical reasonsagainst the extension of the size of the engines. The dif- 
ficulties, according to Mr. Gumey, are of a practical nature, and only in the 
'^difficulty of management of a larger engine." In proportion as we aug- 
mentthe power of theengines, wemustincreasetheirstrensth, and consequent- 
ly their weight; the greater weight will be a material dimmution of their effi* 
ciency. To a certain extent the power may be increased in a greater ratio 
than the weight, but, with our limited knowledge of the application of steam, 
and with the present formation of the public roads, the point will be very 
soon attained, when the advantage of increased power will be counterbalanc- 
ed by the difficulties attendant on the increased weight of the engines. 

The weight of the steam carriages at present in use, varies from 53 to 80 
cwt. ; but it must be recollected tnat they are mere models; they were made 
with attention to strength only, to bear the uncertain strain to which they 

2 
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would be exposed in the course of experimentSy and a very considerable 
diminution of weight may be anticipated. 

The weight drawn, at the rale of ten miles per hour, By Mr. Gurney's 
engine^ has not, on any extent of road, exceded the weight of the drawing 
carriage; nor is it likely, with the difficulties to be encountered on the pre- 
sent lines of road, from their quality and the numerous ascents, that the 
weight drawn will be in excess of the strength of the roads. The immense 
quantity of spare power required to surmount the different decrees of resist- 
ance likely to occur, would render the engine too unmanageable. This will 
appear evident from tlie force of traction required to draw a wagon over the 
Holyhead and Shrewsbury road, which varied from 40 to upwards of SCO lbs. 

In considering the effect on roads, we must not overlook one peculiarity 
in which they have a great advantage over other carriages. In coaches 
drawn by horses, the power being without the machine to be removed, it 
becomes an object of the greatest importance to give as much effect as pos- 
sible to the power, by diminishing the resistance arising from the friction 
of the wheels upon the surface of the road. For this purpose, the proprie- 
tors of coaches and wagons have adopted every possible contrivance, so to 
-reduce the tires of their wheels, that a very small portion of them may press 
on the road; in some coaches they are made circular in their cross section, 
so that the entire weight,of the carriage- presses on a mere point; should the 
materials be soft, such wheels cut their way into the road like a sharp instru- 
ment. The owners of wagons too have adopted a similar plan. Mr. Mac- 
neil states that the actual bearing part of the tire of apparently broad-wheel 
wagons, is reduced to three inches by the contrivance of one band of the 
tire projecting beyond the others. 

With steam, on the contrary, a (:ertain amount of adhesion to the roads 
is required to give effect to the action of the machinery, or the wheels would 
slip round and make no progress. It appears of little importance therefore, 
so far as relates to the eogine, whether the requisite amount of friction be 
spread over a broad surface of tire, or be concentrated to a small point; but 
as the wheels, by being too narrow, would have a tendency to bury them- 
selves in every soft or newly made road, and thus raise a perpetual resistance 
to their own progress, it actually becomes an advantage to adopt that form 
which is least injurious to the road. The proprietors, who have been ex- 
amined on this point, seem to be quite indifferent as to the breadth of tire 
they may be required to use. 

1 hese considerations have convinced the committee, that the tolls enforc- 
ed oil steam carriages have, in general, far exceeded the rate which their in- 
juriousness to roads, in comparison with other carriages, would warrant; they 
have found, however^ considerable difficulty in framing a scale of tolls ap- 
plicable to all rdads, in lieu of those authorized by several local acts. 

With this view, they have carefully examined ihe various modes of im- 
posing toll either suggested by the witnesses, or already adopted. 

They are as follows: 

1. To place a toll proportioned to the weight of the carriage and load; 

2. On the number of passengers; 

3. On the horse-power of the engine; 

4. On the number of wheels; 
5- An unvarying toll. 

Each of these plans seems liable to serious objections, which the commit- 
tee beg to submit to the House. 
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No plan of toll has been more frequent!} recommended than that of a 
charge in proportion to the weight of the engine and load. As this is the 
most plausible^ and (if it could be levied without other disadvantages) would 
probably be the fairest standard, the committee have considered it right to 
state, at some length, their reasons for not recommending its adoption. 

If weight be taken as the standard, the toll must be a fixed charge, 
.either upon the weight of the engine and carriage, without reference to 3ie 
load; or upon an estimated average of the load carried; or a fluctuating 
charge, according to the weight, at the several periods of a journey. 

The first would be at least free from the uncertainty of the other two, and 
therefore would be preferable; but what scale of charge per cwt could ^e 
committee recommend as applicable to all roads? Their toll should vary ac- 
cording to every difierent rate of charge on carriages; besides, it would ap- 
pear to the trustees very unjust to exclude the consideration of that which 
would be deemed the most material cause of the wear of their roads> viz: 
the load. 

A fluctuating charge on weight would be most injurious to a carriage, 
which will mainly depend for success on its speed; constant altercations 
would take place between the toll collectors and proprietors; a minute calcu- 
lation would be required at every turnpike gate; in fact, unless an accountant 
were placed at each, the committee cannot conceive how the proportions 
could be satisfactorily arranged, nor would there be any desire, on the part 
of the toll collector, to shorten the delay occasioned by these interruptions. 

Mr. Gurney has delivered in a scale of tolls graduated according to 
weight and width of tire of the wheel. As this has been drawn up by a 
person interested in the success of steam carriages, it might have been ex- 
pected to be more favorable to them. The committee, however, have not 
adopted it, because of the di£Sculties and interruptions which a fluctuating 
rate of toll would induce; besides, this scale purports to be intended for a 
road, where 3d. is charged for a horse drawing, and Id. for a horse not 
drawing; the scale would be inapplicable therefore when the charge was 2d. 
and Id.y 3d. and lid., 4d. and It/., 4d. and lldl, 8d. and so on. Again, 
what standard of weight, in relation to horse coaches, could be adopted? 
The average weight of loaded coaches differs very much on different roada. 
It has been suggested, that a loaded coach, including the weight of four 
horses, would weigh on an average four tons; and that if 6d. per horse were 
chargeable to the coach, 6d. per ton should be placed on a steam carriage; 
this would be unjust, as vans, which frequently weigh upwards of six tons, 
would only pay 2^., and a steam carriage would pay 3^. Even if the inju- 
ry done to the road by each were equal, this would be an unfair toll; but it 
will appear more evidently unjust if the greater proportionate injury done 
by the feet of horses drawing, than by the propelling wheels, be taken into 
consideration. 

/ The object of every steam coach proprietor will be to attain the greatest 
possible lightness of machinery and engine; because thereby he renders his 
power more efficient for the draught of the remunerating load. To place 
the toll on the weight of the engine would tend to induce him to decrease 
the strength of his boiler and machinery to an extent which might be dan- 
gerous to the passengers, and very detrimental to the success of steam travel- 
ling, as the public will easily be led to believe, that the accidents really oc- 
curring £rom injudicious legislation, were inseparable from the adoption of 
this power as an agent in propelling carriages. 
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The only fair plea for charging tolls on such carriages, in proportion to 
their weight, is to prevent a load being propelled or carried which would 
permanently injure the road; within this limit it would be as injudicious to 
interfere with their progressive efficiencyi (which can only result from im- 
provements of the machinery and the system of generating and applying 
steam) as it would be to lax carriages drawn by large and well-bred horsesi 
more heavily than such as were drawn by horses in worse condition and of 
smaller size and power. 

The roads at present have tb sustain wagons, weighing, at times, with 
th^ir horses, nearly ten tons; it is in evidence, that the breadth of wheels 
required by various acts of Parliament, is so easily evaded, that it affords no 
protection to the road. There appears to the committee no fair reason to sup- 
pose that steam carriages, approaching even to this weight, will be used 
on any turnpike road, at least for a very considerable period, during which 
the increase of weight will be gradual, and will give warning to the lepsla- 
ture when it should interfere. 

To charge a toll according to the number of passengen conveyed , is scarce- 
ly less objectionable. If a fluctuating toll be intended, it would be as inad- 
missible as to propose a similar mode of charging for fast coaches, and would 
be open to all the cavil and interruptions to which a fluctuating toll on weight 
would be liable. If the toll were fixed according to the number of passen- 
gers the carriage were capable of cfonveying, it would imply the necessity of 
a license limiting the number of passengers, and cramping the progress of 
improvement of a machine, the, capabilities of which can only be ascertun- 
ed slowly and by continu^ experiment. 

It must be also recollected that these carnages will probably have to travel 
for a long period without passengers, until by their punctuality and safety 
they shall have induced the public to venture in them. Nor is this proba- 
bility weakened by the immense number of passengers who commenced 
using the locomotive carriages on the Manchester and Liverpool railway 
immediately after their introduction: these enji^ines were established among 
a population accustomed to machinery and steam, and therefore not enter- 
taining the same apprehensions of its danger which will require to be sur- 
mounted elsewhere. 

The trustees of the Liverpool and Prescot road have already obtained the 
sanction of the legislature to charge the monstrous toll of Is. 6(L per 
<< horse-power," as if it were a national object to prevent the possibility of 
such engines being used. Besides, they have supplied no standard of their 
own conception ox horse-power. Engineers have difiered very much in 
their estimates of this power; there is not, therefore, much probability thajt 
the opposite interests of a steam coash proprietor and toll collector would 
lead to any agreement as to the meaning of the term. But suppose the le- 
gislature were to settle this point, and to arrange that a certain length of 
stroke and diameter of cylinder should represent^a certain power, we still 
fail to ascertain that which alone it is essential to know, viz. the actual effi- 
eiency of the engine. Can we regulate the density of steam at which an 
engine of a given size should be worked? To be effectual, it would be also 
necessary to ascertain the quantity of water consumed, and even this check 
would be inadequate with an engine on Mr. Trevithick's principle. If the 
toll be left as at present on ** horse power,'' it would be the obvious interest 
of the proprietor to work with the smallest nominal power, but to increase 
as much as possible the force of his steam, thereby increasing the probabili- 
tfr of explosion. 
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Some trustees have placed the toll upon the number of wheels. The 
committee would object to this mode of charge, if poly, because it interferes 
between the rival modes of steam travelling, and gives a bounty in favor of 
that in which the engine is placed on the same carriage with the passengers. 
The opposite plan of separating the engine from the carriage is that which 
probably the public will prefer, until the safety of the mode of conveyance 
shall, have been fully ascertained. 

There is still a more serious objection to this mode of charge: it tends to 
discourage the use of separate carriages; although it must be evident that, 
if a certain weight be carried, it will be much less injurious to the road when 
divided over eight wheels, tiian when carried on four only. On this point, 
the committee must again refer to Mr. MacneiPs evidence. They cannot, 
therefore, recommend the House to adopt a scale of toll which shall increase 
in inverse proportion to the injury done to the road. It will be seen in Mr. 
M 'Adam's evidence, that the toll on steam coaches imposed by the Metro- 
politan roads act, is liable to this objection. 

Some of the local acts have placed an unvarying toll on steam carriages^ 
This, if moderate, would be unobjectionable; but the committee could not 
propose any sum which would adapt itself to the necessary varieties of ex- 
pense in keeping up different roads, by which the tolls on common carriagee 
have been regulated. A fixed toll has, too, this disadvantage: that light ex. 
perimental carriages, or such as are built solely for speed, would be liable to 
the same toll as steam carriages heavily laden. 

The committee feel that^ however strong their conviction may be of the 
comparatively small injury whieh properly constructed steam carriages will 
do to the roads, yet this conviction is founded more on theory, and perhaps 
what may be considered as interested evidence, than practical experience; 
they would therefore recommend that the House should not make, at pre- 
sent, any permanent regulations in favor of steam. The experience which 
will be gained in a very few years^ will enable the legislature to form a 
more correct judgment of the effect of steam carriages on roads, than can 
be now made. They therefore recommend that the iolls imposed* on steam 
carriages by local acts, where they shall be unfavorable to steam, shall be 
suspended during three years; and that, in lieu thereof, the trustees shall be 
permitted to charge toll according to the rate to which the. committee have- 
agreed. 

The House will have perceived, in the former part of this report, that • 
there are two modes of applying steam in lieu of horses in draught: one, 
where the engine and passengers are on the same carriage; the other, where 
the engine is placed on separate wheels, and is merriy used to propel or draw * 
the carriage. Although the difference of weight may be in bvor of the 
former mode, yet, as on the latter it is divided over eight wheels instead of 
four, its small excess cannot justify a larger toll being imposed, as it will 
be found much less injurious to the roads. The committee therefore recom- 
mend that, in charging toll, the engine carriage. and. carriage drawn shall be 
considered but as one. 

As it b the opinion of all the engineers examined, that. the use of nSN 
row wheels has been the great cause of the wear of roads, and that cylindri« 
cal wheels, of a certain width of tire, are not only the. least injurious, but 
that, in somestates of the road, they may be even beneficial, thejcommittee 
recommend that the wheels of the engine carriage, should be required to 
be cylindrical, and. of not less than 3i incbee^widuitif life. ^^.^toi^^XM 
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of steam carriages has expressed the slightest fear of any inconvenience or 
loss from the use of such wheels. Beyond this^ the, committee would not 
recommend interference with the breadth of tire, or form of wheels: it 
should be left to the proprietors freely to select the breadth of tire they shall 
find most convenient in proportion to the weight carried/ 

. The committee have divided steam carriages (intended for passengers) in* 
to two classes, to be subject to different rates of toll. The first, where the 
carriage is not plying for hire, or where, if plying for nire, it shall not be 
calculated for, or carry at any time, more than six passengers. The original 
cost of such machines, and the expense of working them, will sufficiently 
protect the roads from any great number of merely experimental carriages; 
and for the same reason they will not be of a weight or size likely to be in- 
jurious. A steam carriage|only calculated to convey six passengers, will be 
solely used where ereat speed is required, and will be so light as to cause 
very little wear of the road, probably much less than many carriages drawn 
by the number of horses which the committee recommend as the standard 
of charge for this class. The toll, therefore, proposed to be placed on this 
class of steam carriages is that, which (on the several roads where they may 
be used) is charged on a carriage drawn by two horses. 

In the second class, they have placed all other steam carriages, except those 
travelling at slow rates, for goods only: carriages of this class should pay 
the same toll as may be charged on a coach drawn by four horses. This may 
at first appear unjust from the supposed power of steam to draw almost un- 
limited weight. The committee have already enumerated the difficulties 
hitherto encountered in attempting to propel very heavy loads on turnpike 
roads. They are such as to discourage the expectation, that, within any 
short period of time, the system will have been so perfected as to give rise 
to inconvenience from this source: should any hereafter be found, it will 
then be sufficient to remcfdy the defect Until a due proportion of the parts 
of the machinery shall have been^ ascertained, the makers of these carriages 
will vary but cautiously from the models at present in use: their object will 
be, for some time, the perfecting of them, rather than the uncertain experi* 
ment of increasing their size. 

The committee do not anticipate that, for a considerable period, steam 
will be used as a propelling power on common roads for heavy wagons. It 
appears to have been the general opinion of the witnesses, that, in proportion 
as the velocity of travelling by steam on common roads is diminished, the 
advantages of steam over horse power are lost The efficiency of horses 
in draught is rapidly diminished as their speed is increased; while, on the 
contrary^ the weight which could be carried or propelled at any great ve- 
locity, by steam, could not be more cheaply conveyed were the speed de- 
creased to that of the slowest wagon. 

As speed, therefore, is the cause of greatly increased expense where horses 
are used, while with steam it is comparatively unimportant, it is probable 
that the latter will be chiefly resorted to when rapidity of conveyance is re* 
quired. Mr. Gurney considers, that, under four miles per hour, horses can 
be used in draught more economically than steam. Should it, however, be 
deemed profitable to convey heavy goods by steam carriages, the committee 
recommend that there should be as little interference as possible with the 
number of carts employed; as the effeet on the surface of roads would be 
infinitely more injurious if heavy loads were placed oh a single cart, 
dtMo if the lame weight were divided over several; The committee recom* 
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mend, that where carriages, containing heavy goods alone, are propelled by 
steam, the weight of the load should be charged, without reference to the 
number of carts on which it may be carried. 

As a horse is able to draw from 20 to 40 cwt. on common roads, they 
propose that each 20 cwt of load conveyed in, or drawn by, a steam carriagOt 
should be chargeable at the same rate of toll as one horse drawing a cart 

A charge on weight is not so objectionable where goods are conveyed at 
a slow rate, as when speed is alone required. ' 

In conclusion, the committee submit the following summary of the evi* 
dence, given by the several witnesses, as to the progress made in the appli- 
cation of steam to the purposes of draught on common roads. 
Sufficient evidence has been adduced to convince your committee — 

1. That carriages can be propelled by steam on common roads at an ave- 
rage rate of ten miles per hour. 

2. That at this rate they have conveyed upwards of fourteen passengers. 

3. That their weight, including engine, fuel, water and attendants, may 
he under three tons. 

4. That they can ascend and decend hills of considerable inclination with 
facility and safety. 

5. That they are perfectly safe for passengers. 

6. That tjiey are not (or need not be, if properly constructed) nuisances 
to the public. 

7. That they will become a speedier and cheaper mode of conveyance 
than carriages drawn by horses. 

8. That as they admit of grealler breadth of tire than other carriages, and 
as the roads are not acted on so injuriously as by the feet of horses in 
common draught, such carriages will cause less wear of roads than 
coaches drawn by horses. 

9. That rates of toll have been imposed on steam carriages, which would 
prohibit their being used on several lines of road, were such charges 
permitted to remain unaltered. 



MINUTES OP EVIDENCE. 



Marcurii^ S"* die Jtugmti^ 1831. 



Mr. Chldsu)orthy Crurney called in, and examined. 

Are you the proprietor of a steam carriage used on public roads? Not 
Ihe proprietor; I am the patentee. 

On what roads have you commenced running such carriages? I have 

iM)mmenced on several roads. The first road I commenced was Edgeware, 

then Stanmore; I ran there for a short time only; principally experimental* 

Jy ; then to Bamet, to Edgeware, to Finchley, and other places. I also raa 

^ carriage on my own account to Bath and back', \h^l ^aA ot\^^f^^ Y^'ox^v^N 
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an experimeDtal journey. Since that they have been running as public 
ita^S| principally between GJoucester and Cheltenham. 

For what period? Since February last. They were stopped about three 
weeksi in consequence of an accident to one of the axle-trees; they were to 
beffin again about this time. 

Have you been yourself on these carriages while they have been running? 
Yes; in the first instance, I almost always accompanied the carriage. 

State in detail the progress which you have made in- bringing these car- 
riages to their present improved state? I must beg to have reference to the 
drawings. [TAe witness produced the^drauAngs, Nas, 1 , 2, 3, 4, 5, and 6.] 
This first drawing, No. 1, was the first experiment I made connected with 
the subject, in which I conceived I had removed the diflScuIty of driving 
steam carriages on common roads, by inventing a light and powerful boiler, 
of which this is a representation. The application of that boiler will be 
seen in No. S. The boiler itself is not represented on the carriage in this 
drawing, but simply the engine, and the modes of propelling the carriage. 
This was in the year 1825. It was then a very prevalent opinion that the bite 
or friction of the power to the ground was not su£Scient to propel the car- 
riage along a common road, particularly up hill; it was thought that the 
wheel would turn round, and the carriage not proceed. With that view, the 
apparatus shown in this figure, No. 2, which I call feet or propellers, were 
proposed to be used; the mode of action I presume will be seen from the 
drawing. I soon found by experience, in numerous experiments not con- 
nected with the drawing, that the propellers were rarely or never wanted; 
and I then applied the power immediately to the two hind wheels* through 
a crank, in the common mode of a steamboat, the propellers being also fixed, 
but travelling slower than the wheels, were brought into action if the wheels 
slipped, which it was thought would be the casein difficult situations. This 
carriage went up Highgate hill in 1826, and to Edgeware, also to Stanmore, 
and went up Stanmore hill, and Brockley hill, near Stanmore, and against 
all those hills the wheels never turned, and the legs never came into action. 
This is No. 3. After these experiments, the legs or propellers were entire* 
ly removed, and from further experiment it was found, by a peculiar appli* 
cation of the steam, (namely, by << wire drawing,") that the bite of one of 
the hind wheels was sufficient for all common purposes. If the steam was^ 
let on suddenly, the wheel would turn round, and the carriage not go for* 
ward; but when wire-drawn, one wheel was found sufficient By this ar* 
rangement, also, the carria^ was guided more accurately and more easily. 
The second wheel was applied by uniting it with the crank at any timci if 
one was found insufficient 

In general, were the wheels connected together, or had they an independ* 
ent motion? Always one was attached to the axle; they had no independ* 
ent motion; this will be seen by reference to No. 5 on the arm or carrier of 
the wheel (which is a part of the axle,) and can be attached to the wheel at 
pleasure by a bolt, making the wheel also in that case part of the axle. This 
carriage, I should observe, ran to Barnet, snd went up all the hills to Bar* 
net, in 1827, with one wheel only attached to the axle, and was run fpr 
about eighteen months experimentally in the neighborhood of London: Frohi 
these experiments showing that one wheel was sufficient to propel thecair- 
riage, anditbe^carriage being at the same time'rediiced tivathSrds in'wi^ight, 
it was thought desirable to draw anothercarrifitge/itistted'of to carr)r on the 
aame; tiial; will'be seedrio No. 5i This=Mrritige'we<ttlo Bithy aad'oiret dl' 
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the hills between Cranford bridge and Bath, and returned with only one 
wheel attached to the axle; the other carrier, by means of attachment, having 
broken in the first onset, and not having been repaired Until after its return; 
the carriage was also injured slightly at Melksham, in consequence of a riot 
there. We waited about two days at Bath to get this injury repaired, and 
returned from Melksham to Cranford bridge in ten hours, a distance of 
eighty-four miles, including stoppages. I have come now almost to the 
practical application of it. This is a drawing of the carriages we are now 
now building (No. 6.) 

Have you made any alteration in the formation of the boilers since 1825? 
We, have altered and changed in the mechanism only; the principle has b^n 
invariably adhered to; the present carriage is deprived of its chimney, and 
a variety of other disagreeables about the carriage. 

Has your principle, with respect to all, remained the rame?^ Precisely the 
same. 

How far have you improved the formation of your working carriage as 
to weight? The weight was a principal objection to the practical application 
of the carriage. The first carriage of a given power weighed four tons; this 
was objectionable on account of its weight, which was severely felt in con- 
sequence of its effect on the roads. I thought it would injure the roads, 
which injury would produce a toll that would perhaps injure the economy 
of it: No. 3, weighed four tons; No. 4, weighed three tons, with the same 
power; No. 5, two tons^ with the same power; the present carriages build- 
ing will not weigh more than 35 cwt. with the same power. 

What does the carriage which runs between Gloucester and Cheltenham 
weigh? By a letter from the magistrate, now produced, it is stated to weigh 
nearly three tons; it ought to weigh only 45 cwt. ^ if it weighs three tons, 
there is extra weight, of which I know nothing. This which I produce a 
sketch of, marked No. 6, weighs 35 cwt. and it has the same power. Those 
carriages at Gloucester were built principally under the superintendence of 
another person. 

When you state the weight of 35 cwt. you mean the weight of the tra- 
velling carriage alone, without the weight of the passengers, or the weight 
of fuel or water? Yes, just so; I think it is possible to reduce the weight 
considerably as improvements goon, i have a carriage now building which 
I do not expect will weigh above five cwt, which I expected to do the 
work of about one horse, and carry two or three people; speed is a particu- 
lar object, and it is not intended to carry any thing more than light parcels. 

Into what stages would you divide your journeys most conveniently? I 
think about seven miles. / 

What weight of fuel and water would yoa lay ia for such a stage? The 
fuel and water will be in proportion to the size and power of the carriage. 

For a machine, weighing 35 cwt. marked by you No. 6, what weight of 
fuel and water would you require? Three bushels and a half of coke 
is the quantity we take to supply this distance, and the first charge two 
bushels; the first charge always remaining, it decreases of course down to 
the first charge, and, taking the mean, it will be 33. The weight of water 
at present I think is about 10 gallons a mile which is consumed, that would 
'-^be 70 gallons, a gallon weighing about 10 lbs. making 700 lbs.; the mean 
of this will give the quantity. If the roads are good it does not take so 
much, we can do with almost half the quantity; if the roads are bad wi&. 
must take the whole quantity, and the mean wiH be 350 lbs. 

3 
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Will you state the progressive alterations you have made in the diameter 
of your wheely and the breadth of the tire? The diameter of the wheel 
ha^ generally been the same, about five feet 

What difference is there between the fore and hind wheels? About a 
foot in diameter difference; about the proportion of an ordinary carriage. 

The power is attached to the hind wheels? To the hind wheels only. 

Do the wheels follow in the same track? That is a matter of option. 

The committee understand that they do not in that which travels between 
Cheltenham and Gloucester? Perhaps that is the case there; it is a matter 
of convenience in some experiments. I have built them with three wheels 
only, one wheel in front, and in some, as in No. 3, with six wheels; my 
present carriage has only four. 

Do the hind wheels of your present carriage follow in the same track 
with the fore wheels? Yes; those carriages now building will do so; the 
hind wheels will be nearer to each other than in many others^ 

What diameter do you propose to make the propelling wheels of your 
new carriage? I propose to have them about five feet. I would observe, 
that by taking a wheel of five feet diameter off the axle, and putting on one 
of two feet six, the engine would be multiplied double in its power, and 
lose of course one half in speed. In some cases it may be desirable to do 
so if the carriages are used for general purposes; for speed or dragging of 
heavy weights alternately, larger or smaller wheels may be put to meet 
circumstances as they occur. 

From the experiments you have made, with a view to proportion the di- 
ameter of the wheels with the weight to be drawn and the velocity required, 
what diameter of propelling wheel do you think wijl be generally used? 
Five feet; the piston of the eVigine should not travel more than two miles 
and a half per hour; therefore we may multiply from this rate to any'speed 
we please. 

What is the breadth of the tire of your present wheel? None less than 
two inches; but in late experiments we found a wide tire more desirable 
than a narrow one, and we have increased it to about three inches and a half 
in width; we found that there is no increase of power necessary with a wi4e 
wheel, but I think, on the contrary, rather less. We have not been able to 
decide positively the true variation in power, but the difference i? so slight, 
that it is not perceptible. 

What is the ordinary width of the tire of wheels of coaches? I think 
about two inches; in a private carriage rather under two, and in stage 
coaches over two inches. 

Of how many horse power is your ordinary travelling engine? Twelve 
nominal steam-engine horse*power; to work eight hours it takes the com- 
mon stage coach 32 horses; an engine propelling the same weight for eight 
liours should be considered a 32 horse power, according to the rule laid 
down by engineers, but this is not true as to locomotive engines. 

Taking your latest improvement, to what number of draught horses would 
it be equivalent? I think about 10 cwt will do the work of a horse on the 
road; 35 cwt will be about 3J horses' work always. 

You mean that it will displace about three horses and a half at a time on 
the road? Yes, in each stage it will displace 3i or 4 horses, and about 3# 
horses in the eight hours. 

Is that in practice, or in idea? Practice. 

Is the chief weight supported on springs? The whole is on springs. 
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What is the weight of an ordinary stage-coach? About 24 cwL; I think 
from 18 to 24. 

How many persons will that take? I think about 18. 

What would be the weight of your engine carriage sufficiently powerful 
to draw a carriage containing 18 persons? The weight of the propelling 
carriage would be about the weight of four horses; the weight of the car- 
riage drawn would be precisely that of a carriage drawn by horses, and I find 
the weight of a horse to average about 10 cwt ; therefore, taking four horses 
at 10 cwt. the four horses would be two tons, which is somewhere about the 
weight of my carriage; to do the same work, some horses weigh as much as 
16 cwt. some considerably less than 10 cwt 

Have you examined the effect on the roads of the propelling wheels of 
your carriage? As far as I am enabled to judge, I should say that they did 
no more injury than any other carriage of the same weight; I mean the 
ciarriage itself, weight for weight. I have taken the loss of iron from the 
tires of the wheels, and compared it with that oAhe loss from other carriages 
running the same number of miles, and I found the loss the same nearly. 

Do you find that the wheel never slides in the turn? If it does, it is either 
imperfect or the fault of the engineer; if the steam is wire-drawn (using the 
technical term) it never does so; if the steagi is laid on suddenly on the en- 
gines, it acts like a percussion, and affects the wheels as if struck with a 
hammer. The carriage, of course, would not be propelled in such case. 

Practically, as far as you have seen in the operations of these carriages, 
does the wheel slide in that way frequently? It may sometimes at starting for 
an instant, but never on the road unless it is over- weighted ; I mean, if it has 
an over-weight attached to it • 

Is there much smoke created by your carriage ? There is no smoke unless 
any smoky matter gets accidentally into the fire, th^ fuel being coke; of 
course there will be smoke if there are coals. 

Are you frequently obliged to let off steam? Yes, but not openly; the 
steam is allowed to escape from the safety-valve into a chamber peculiarly 
constructed, which prevents any nuisance from it . 

There is no annoyance either from smoke or steam? There is no annoy* 
ance either from smoke or steam, when the engine is perfect. 

Have you found that horses are more liable to be frightened by passing 
your carriages, than passing other carriages? As far as my own observation 
goes, I should say about the same. I have travelled with a carriage, I think^ 
five years, more or less, evesy week. I have been very frequently in the 
public streets of London with the steam carriage, and the roads round Lon- 
don, and also in the private and public roads in the countryj I have cer« 
tainly seen horses shy often, but never saw ahorse make a dead stand. 

Is there a very peculiar noise attending the motion of your engine car- 
riage? The noise of wire-drawinz, &c. is at the will of the engineer; if the 
carriage should make A noise, he has the means of stopping the noise; but 
there ought not to be any disagreeable noise. 

Must not the noise proceed from the imperfection of the works? Yei^ 
and that only. 

Do you attribute the startling of horses to the peculiar noise of the e&« 
gine, or to its unusual appearance? I think it must be from its unusual appear* 
ance. It appears from an observation on the carriages at Cheltenham, made 
in this committee, to have been more troublesome than any where else. 
Those carriages were made with curtains^ to incl^Mid ^^^xtKitA "viV^nfici^ 
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Id them, and the carriage altogether rather more ouirS in its appearanoe; 
from the flapping of those curtains, or some circumstances of that kind, the 
horses liave been startled, or accidents have occurred there. 

Are you aware that there is an imperfection in the carriage atCheltenham, 
which is stated to occasion noise? I have not seen much of these carriages; 
I was never at Cheltenham bat twice or thrice, and then but for a short time. 

What have ydu found to be the effect of the wheels on a very rough road . 
full of ruts? If you start the carriage from a rut, it takes more power; bot 
when the carriage is in motion, the momentum takes it over all the inequaU* 
ties with ^e usual force. 

Do you find that when the propelling wheel gets into a rut, the first 
{K)wer it exerts is in sliding? Frequently; and sometimes it will be neces- 
sary to attach the two wheels, for one wheel will not be sufficient to get it 
>out of that difficulty The engineer, in such case, attaches a sec^d wheel by 
the bolt,' and I have never known a situation yet, in which a carriage with 
both wheels attached will ncA get out I have seen it in a clay pit eight 
inches deep propel itself through, having sunk through the upper surface of 
gravel in a yard. 

When you attach the second wheel, is the increased power owing to the 
more favorable situation of the cranks? The power of the engine remains the 
same, but the application of it is'doubled by friction. 

Suppose that both wheels were in the rut? I have seen both wheels in a 
rut in the case I have just spoken of they were both in a rut; i<n a diffid- 
ent state of weather, the effect, hold or bite on the wheels is very diffisrent; 
if the state of the road is between half wet and half dry, it is more apt to 
slide; and, in some instatices, with a heavy weight attached, we are obliged to 
go with Jboth wheels locked, when the same weight would i^ave been taken 
ty one wheel only in very wet or dry weather. 

is it only in starting that that difficulty occurs? Only in starting on a 
level or slight incline; but up hills we have sometimes been obliged to attach 
both wheels; the bi^te only from the one wheel being not sufficient to pro* 
pel a load behind it. 

What is the operation of the pr(q)elling wheel when it meets with the 
obstruction of a large stone on the road? if the difficulty is so great that the 
carriage cannot advance, it slips on the stone; but I have blocked up the 
wheeteof t)>e carriage with square pieces of wood four inches in diameter^ 
and started it when so blocked up. 

In proportion to the size of such obistruction there is liability in the crank 
to break? Certainly; but the cause which occasions a crank to break is one 
which cannot be explained on common principles: it frequently happens, as 
in steam-boats, and very often in this carriage, when the power applied to 
it is not equal to its being broken, the accident occurs, and must be referred 
tea jar or percussion; the axles are unusually large in consequence. 

WJiat is the throw of the crank? Half the diameter of. the stroke of the 
engine; eight inches and a<kalf to nine inches. 

With a wheel of five feet diameter what is the throwof your crank? About 
sine inches. 

What is the length of the stroke of your cylinder? I think 16 to 18 inch- 
es; the crank is hsJf that. I may state here, that I have had accidents of. 
breaking the crank two or three times during my experiments:: the last crank 
was broken in consequence of going through some rough stones laid UpOusu- 

"W tbifik^ I ^understand asmudi as 18 indies deep. 
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^hat do you anticipate will be the most frequent accident which will hap- 
pen to your drawing machines? I should say ihe derangement of the pumps 
is most likely to occur, in consequence of which the carriage would merely 
stop. 

During the experiments you have been makings have you frequently had 
your tubes burst? Very often. 

Do you conceive you have remedied the probability of such occurrence? 
Yes; the first tubes we used were iron gas tubes, which were not welded, 
but simply ** butted'* together. The consequence was, that whenever any 
great pressure came upon them the seam opened; but from practice and ex- 
perience we found it necessary to wrap over, or overlap the edges, and weld 
them from end to* end; and now we are not subject to those accidents. 

What is the diameter of the tubes of your boiler? We make th m from 
half an inch ty two inches; the best size, 1 think, is an inch diameter. 

To what pressure per square inch do you prove them? To about 800 lbs. ; 
I think they would bear 2,000 lbs. 

What is the greatest pressure they would bear? It is impossible to say. 
1 have never been able to burst one when well made, when lapped and 
welded. * 

What is the average pressure on the boiler per square inch, in your ordi- 
nary rate of travelling? About 70 lbs. . 

And you have tried the tubes to 800? Yes; we sometimes may work up 
to 100 lbs. and 120 lbs.; but that is a case of^great emergency. 

What is the greatest prol>able pressure it will be exposed to? Never more 
than 130 lbs.; the safety valve blows at 70 lbs. to the inch; it is generally 
on the lift on a level hard road. I do not think that the pressure is more than 
no lbs. to an i nch on the piston. 

Is it likely that persons would ordinarily work with the safety valve on 
the lift? Yes; or nearly «o, sometimes. 

Is there not a waste of fuel when you work on the lift? It will be in pro- 
portion to the escape of steam from the safety-valve; the pressure on the 
boiler is 70 lbs. ; on the engine frequently it does not exceed 2Q lbs. to an 
inch; and when I was asked the pressure I worked at, I supposed the ques- 
• tion referred to the pressure on the piston collectively. 

What is the thickness of your tubes? The thickness of the iron is about 
the eighth of an inch. 

What is the thickness of your working cylinder? It is about three quar- 
ters of an inch; it has also ribs round it. 

Of what metal is your working cylinder formed? Cast-iron; we have 
worked gun metal, but cast-iron appears to be best 

Have you found that there is sreat facility in guiding those carriages? I 
have always found the most per^ct command in guiding them. 

Supposing you were going at your ordinary rate of eight miles an hour, 
could you stop ^mediately, or would the carriage run for any distance? 
In case of emergency, we might instantly throw the steam on the reverse 
side of the pistons, and stop within a few yards. The stop of the carriage is 
angular; it would be supposed that the momentum would carry it far for- 
ward, but it is not so; the steam brings it up gradually and safely, though 
rather suddenly. 

Supposing you were going at the rate (height miles an hour, can you say 
at what number of y»:ds it would be possible to stop? I would say within 
six or seven yards. 
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Hov\r would you manage on a declivity? On a declivity we are wdl stored 
With apparatus; we have three different modes of dragging the carriage. 

You have stated that you found no difficulty in guiding the drawing carriage, 
or any difficulty in guiding the carriage which is drawn? Not the least; it 
is peculiarly connectedi so that the fore wheels of the carriage drawn fol- 
low the tracks ot the hind-wheels of the steam carriage drawing, although 
making a circle of 15 ieet diameter, which is a singular property. 

In what circle do you think you could turn both carriages? In a circle 
of 10 feet, the inner diameter. 

Supposing you were going at the rate of eight miles an hour, in what inner 
circle do you suppose you could turn? I should -be very sorry to attempt to 
turn within a small circle. I think I might say, probably it might safely be 
done in one of 100 feet diameter. 

In the further progress of the improvement of this descriptio|i of carriage, 
do you suppose that greater weight will be drawn, by adding to the aumber 
of carriages; or by increasing the size of the one carriage drawn? The 
carriage drawn with its load, should never exceed three tons, and the car- 
riage to draw it should never exceed the weight I have previously stated, 
about two tons or 50 cwt. ; it is possible to draw more than one carriage on 
good roads, but I do not think it would be a circumstance of common occurs 
rence. 

What have the chief inconveniences been that you have met with on your 
journies? The principal inconveniences we have met with have been minor 
derangements of som^ parts of the machinery, such* as the valves of the pump 
being deranged, or tanks leaking, or something of that kind. I never met 
with any serious accident, except perhaps the first accident in going up 
Highgate Hill, which was five years ago. The carriage was not then com.- 
plete in referrence to dragging; I went up the hill contrary to the expecta^ 
tions of every body present^ and the workmen were so delighted at it that 
they neglected to lock the whe*el; the carriage was started down the hill 
without any drag to it; it became difficultly manageable, and ran against a 
stone, and was upset. This is the only accident I have ever experienced 
myself. I believe Sir Charles Dance once upset the carriage in a first essay. 
Those are the only accidents of the kind I am aware of. 

It has been stated that one of your engines has blown up at Cheltenham; 
is that the case? I am not aware of that; I rather believe that the lifting of 
the safety-valve when the carriage stops is considered to be a bursting, which 
I think must be so in this statement. I saw the carriages the day after the 
accident of the crank breaking, where it is stated to have burst, and certain- 
ly the carriage had not blown up then; nothing more than the safety-valve 
had lifted. I came to Cheltenham the day after the accident occurred. ' 

What was the nature of the accident which occurred? The breaking of 
one of the cranks, occasioned by the extra difficulty the carriage was placed 
in; new stones were laid in a hollow of the road, I am tolc^ about 18 inches 
deep; the carriage had gone through it twice with twenty passengers; the 
third time it fractured the axle, from the extra force necessary to get it 
through; the road was in an unusual state; I saw the passengers of a four- 
horse coach get down in the stones. I was told at the time, by people of great 
respectability, that all the two horse coaches invariably put down their pas- 
sengers; that the mail was stopped; that there were two wagons and two 
coaches in the stones stopped at the same time, and that they were obliged ^ 
to exchange their horses to get through. 
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Has any other accident occurred to that carriage except that you have 
now stated? Nothing that I am aware of material. 

Have the wheels of your carriages frequently caught fire? Never; I saw 
the three carriages the day after the accident; neither one had taken fire. I 
am sorry such an idea should for a moment exist: I think it has been ooca* 
aioned by misconception or prejudiced mis statements. 

Is the construction of your boiler and of your fire-place such, that it is 
impossible for the carriage to catch fire? I believe it to be impossible. 

You have stated that you require to charge your engine once in seven 
miles? Yes; to charge the tank with water, and to take fresh fuel. 

Do you anticipate j in the course of your experience^ that you would be able 
to overcome that inconvenience of being obliged to charge so frequently? 
We can now go double the distance; but we should have a weight of water 
and a weight of fuel, a greater expense to carry than if we take in one charge 
at seven mile stages. 

Are the wheels you ordinarily travel with four inches wide on the tire? 
From three and a half to four inches. 

Have you any information to give to the committee in relation to the re- 
lative wear of the tire of wheels and the shoea of horses? That is a new. horse 
shoe [producing one,] and this is a shoe of the same size, worn on the 
streets of London nine days: the shoe has lost about 18 ounces. 

Have you any means of ascertaining how many hours a day it had been 
out? The horse ran in a cab; it was out a certain number of hours, I think, 
three or four hours each day; the smith was taking ofi'the shoe which had 
been worn, and putting on the other, when I asked him to let me have them. 
The difierence between the wear and tear of tires' and ho^se shoes on the 
roads in the neighbourhood of London are in the proportions of about three- 
fourths on the shoes, and one-fourth on the tires; but in London, over the 
streets, about seven-eighths and one-eighth. I would observe that on rail- 
roads, where horses draw the carriages, the expense of keeping the horse 
roads is so great, that the proprietors frequently go to a great expense to 
pave them, Froln Cheltenham to Gloucester, for instance, and in many 
other parts of England, this is the case. . I would also call the attention of 
the committee to some parts of London, where the horses and the wheels 
continue to pass over the same ground respectively, as in Wych-streety and 
I would submit the importance of the committee referring to the expense of 
keeping the towing-paths of canals in repair, where only horses, and com- 
paratively few, travel over them. At this moment, those are the only means 
enabling me to speak to the relative wear and tear. 

' Have you used your carriages on pavements? Yes; never to run continu- 
ally on a pavement, but to run in and out of towns. 

Do they run easier on pavements than on ordinary roads? Yes; they on- 
ly take about a quarter the power on a pitched pavement, that is, a quar- 
ter of the power they would over a gravelled road. 

In the progress of this improvement, do you anticipate that it will be ne- 
cessary to adapt some portion of the turnpike roads to carriages of this de* 
scription, or do you think they can be put into operation on the turnpike 
roads as they are now existing? I think they can be put into operation oa 
the turnpike roads as they are now existing; I hiaive no doubt at all about it 
You do not anticipate the necessity of paved roads being made for the 
purposes of those carriages? As far as economy goes, in the expense of 
power, it may be desirable; but for th^ practical applicati^B of the steam 
i/i ia not necessary. 
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Can any proportion be drawn between the friction occasioned by the horses 
feet and the tire of ihe wheel? I do not see how it is possible to do so, un- 
less you take the loss or abrasion of the two metals respectively, in a given 
quantity of work or miles travelled over. 

Have you any practical experience in the repair of turnpike roads? I have 
had my attention turned to it, connected only with this subject. I have seen 
the great expense of keeping towing-paths and horse-paths in repair; and I 
have seen the great expense of keepmg the streets in repair, where horse» 
alone travel; and I have seen the great wear and tear of iron shoes, when 
compared with the wheels of carriages. 

Have you any plan to submit for fixing the tolls on steam carriages? 
The plan I should propose would be, if I may be allowed the term, that an 
iron horse of the same weight as one of flesh and bones should pay the same 
toll; and takingone horse to weigh 10 cwt., that for every 10 cwt the steam 
carriage weighs, it it should pay the same toll as one horse pays; although I 
4o not admit that the same weight carried on four wheels will do as much 
mischief as on four hoofs. If we take the turnpike acts, and look at the 
comparative rate of tolls charged when a horse is drawing, and when he is 
not drawing, I shall be, I conceive, borne out in my position . 

Can you point to any clause in private bills which press more than you 
conceive they should on steam carriages? There is one, the Liverpool and 
Prescot road bill, this session, charging a toll per horse-power, which it is 
difScult to determine. My objection to that is, that if the horse-power is taken 
as the nominal engine horse-power, a steam coach would have to pay 2/. 
8^. where a stage coach pays only 4^. a toll. The next is the Bathgate, near 
Edinburgh road, where the tolls are on weight, and an engine of three tons 
fabout the usual weight of a loaded four-horse stage-coach), would have to 
J)ay 1/. 7s, Iflf., when four horses would have to pay 5^. The next is the 
Ashburn and Totness road bill, where 21, would be charged on the steam 
carriage and the carriage attached, bemg 5s. on each wheel; Tour horses, at 
the same time, would have to pay 3*. .The next is the Teignmouth. and 
Dawlish roads: ihey are in the proportion of 2^. and 12^. 

What is the most favorable instance to steam carriages? The Metropo- 
lis roads, near London, charge 1^. for four horses, and 2^. for the steam car- 
riage and the one drawn. I complain of that because it limits me to a particu* 
lar kind of carriage. I am building one which will not weigh more than 5 
cwt. and carry only two or three persons, and it would be excessive to have 
to pay 2^. There is no reduction if it is no bigger than a wheelbarrow; being 
propelled by machinery, it will be charged double. 

Kow many private bills have been introduced this session in which steam 
carriages have been specially taxed? I have fifty -lour, which I now pro- 
duce. I understand there are others. 

Have any of them passed into a law? Yes, some of them have. 

In your opinion, what proportion of the tolls should horses and carriages 
be chargeable with? Taking the average of the amount of tolls throughout 
the country, it will be tound that where a horse pkys a penny not drawings 
he pays about three-pence when he is drawing. In that case, the toll upon the 
coach is nominally put upon the horse (it says, so matiy horses drawing): four 
horses drawing will be a shilling; four horses passing through, not drawings 
will be four-pence; in some cases it is three half-pence a herse when not 
drawing, and sixpence whea drawing; but in general the proportions appear 
to be, three-eighths the toll placed upon the horse^ and five-ei^ths upon the 
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carriage; three half- pence a hone not drawing, and sixpence drawing, gives 
three-fourths; but the mean is about three-eighths and five-eighths; so that 
the toll is virtually about five-eighths on the carriage, and three*eighths on 
the horse. I have previously stated that I have had horses weighed, and 
found the average about 10 cwt each horse; therefore, if a steam engine 
weighs 10 cwt. it should pay only as one horse when it passes through not 
drawing, and as one horse drawing when it has any thing attached to it A 10 
cwt. steam engine cannot propel more than one horse can draw; therefore 
the weight drawn cannot exceed a certain quantity. If the wei^t of the 
engine exceeds 10 cwt and not twenty, it should pay as two horses; if it 
exceeds 20 and not 30, it should pay as three horses; if SO cwt and not ex* 
ceeding 40, it should pay as four horses, and so on. 

Practically horses drawing frequently draw a weight of 80 cwt? Yes, 
sometimes, but 15 .cwt a horse is the usual weight. I have always felt a 
great anxiety that Uie weisht of the steam engine should not injure the road, 
and I have felt desirous ofnot introducing it until it was reduced; and I now 
cheerfully admit, that if the weight of the locomotive exceeded 60 cwt, 
which is the weight of the {)resent loaded stage coaches, with the passengers ' 
and their luggage, there should be a very heavy toll put on them. I would 
also propose that if my wheels are wider than four inched, the tolls should be 
less; if they are six inches, then they should be still less; but taking the prin- 
ciple of 10 cwt of iron and copper to do the work of one horse, and that it 
shonid pay the same tolls, and that no weight of steam carriage should be 
admitted above 60 cwt on the road, I certainly should myself be content, 
and as I cannot for a moment imagine that the 1 cwt. running on four wheels 
can do so much harm as 10 cwt carried onfour feet, that the interests of* 
turnpike trusts would be fairly preserved by such a scale of tolls. 

What is the amount of toll charged between Gloucester and Cheltenham? 
Five shillings and sixpence. 

What would be charged on a four-horse coach? Two shillings and eight- 
pence; 

Your steam carriage, according to the last improvement, weighs 85 cwt 
without the weight of persons to direct it? Yes, and without the weight of 
the fuel. 

Do you not consider that the steam carriages would be applicable not on- 
ly to the moving carriagesat a rapid rate, but also to moving certain weights 
at a slower pace? I think it is possible, but it would be very expensive, be- 
cause I find that when you get below a rate of four miles an hour, the ex- 
pense in fuel is greater tiian Sie expense in horses; if the rate exceeds four 
miles an hour, men it is cheaper, and it becomes cheaper geometrically over 
horses as you get up. 

What is the greatest weight which you conceive your steam carriages 
could draw after them on a level road at the rate of four miles an hour, the 
carriage weighing two tons? Every 10 cwt in the engine would draw 
what one horse could draw, so that two tons would draw as much as foor 
horses. 

Will the rate of tolls you have remarked in the bills you have produced, 
prohibit the use of steam coaches on these roads? Certainly. 

What do you calculate to be the comparative expense of running a steam 
carriage and running a coach with four horses? That varies in difierent situ^ 
ations, according to the price of coke and the price of labor. It is in all cases 
considerably less, at least one-half less. 

4 
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You anticipate that the principal use of steam carriages will be the con- 
veyance of passengers, ajid at one half of the expense at which they travel 
now? Yes; and in less time. 

Can you deliver in to tlie committee a detailed estimate of the expense of 
running a steam coa^^Vaud one of running an ordinary coach? Yes^ I 
will prepare them. 

At wnat rate do you suppose it would be safe to run steam carriages on 
the public roads? I have run them safely eighteen and twenty miles an hour; 
but twelve miles an hour is perfectly safe and practicable. The rate will be de- 
termined by practice principally: in directing the carnage at present there is 
no difficulty or danger in guiding the carriage at this rate. 

Would there not he danger in passing a carriage drawn by horses? If the 
engineer was careless it might be, but not with care; a mail-coach travels far 
beyond that at times. 

You make your wheels cylindrical? They must be cylindrical, for they 
turn with the axles. 

None of yours are less than three inches now? No; three inches to three 
and a half, even where the carriage weighs two tons weight 



Veneris, 5^ die Jiugustiy 1831. 

Mr. Goldsworthy Gumey^ again called in, and examined. 

Will you give in the statement that you were directed to produce on 
the last examination? I will. 

[The witness delivered in the same.] 

Calculation as the relative expense betwixt Horse and Steam Power 

for Locomotion. 

In order to estimate the comparative expense between horse and steam 
vower lor orawing carriages on common roads, I will take the relative ex* 
pense on lOOmiies of ground for working a common stage coach by steam 
and by horses. 

The first cost, wear and tear of the coach drawn^ in every respect, is the 
same in both cases. 

The expense of men to manage is about the same also. In one case there 
is a coachman and guard; in the other, an engineer and director. 

Government duty and turnpike tolls must also be considered the same. 

It remains then to show the difference in the expense of power only, viz. 
betwixt the expense of horses and the expense of steam. First in the out- 
lay, on 100 miles of gound. To work a coach well with horses 100 miles 
up and 100 miles down once a day, will require 100 horses. A horse a mile 
18 the present calculation for doing the work. If these horses be taken at 
je20 or J& 30 per horse, or say £25y it will amount to dS 2,500. Three 
steam carriages will do the same work, and the expense of .these will he 
about £ 500 each, or £ 1,500 for the three. A saving will consequently be 
effected in the first outlay of JS 1,000 in capital. 

The wear and tear of horses may be estimated at about £S each per an* 
Dum on the lOQ horses, viz. £ 500 per annum. 



[ Doc. No.* 101. ] 



27 



The wear and tear of three steam towing carriages lyill not exceed £ 100 
each per annum; £ 300 for the three; — ^saving in wear and tear^dS200. 

The expense of shoeing, keep, provision, attendance, harness, &c. is per 
day somewhere about 3s, each or J6 15 !ipon the 100 horses. 

The expense of fuel for two carriages, one up and the other down, doing 
the same work, will be that of 100 bushels of coke at 6d. per bushel; say 
£2. 10. 

Or if we take I*, per mile per hprse power, it will be about the same. 
The expense of fuel for the steam carriage will l)p, on an average through- 
oat England, about 3d, In some coal districts it will not exceed Id. per 
mile; while in other situation it will amount to 6d. 

I have, not taken into this estimate the expense of stables which is consid- 
erable when compared with sheds for coke and water. 

From these data, T conclude the carriage may be worked by «/eam atone- 
fiith the expense of horses. 

•Abstract. 



Horse power. 
Outlay for horses 

■ 


£. s, 
2,500 


d. 



Steam power. 

1 Outlay for steam carriages - 

Balance of saving in the outlay 

in favor of steam power - 

Wear and tear of steam tow- 
ing carriages, 
Balance, saving in tear and 
wear in favor of steam pow- 
er- 
Fuel for steam carriages, half 
bushel per mile travelled, at 
6d. per bushel 
Balance, saving 


£, 8. d. 
1,500 
1,000 


We&r and tear of horses, per 
annum 


500 





300 
200 


Shoeing, keep, attendance, pro- 
• Yision, harness, &lc,^ per day, 
for 100 horses 




15 





210 
1210 



Have you any additional evidence to give to the committee, on points 
which you have considered after your last examination? I have no further 
evidence in connection with the practicability of the carriage. 

Would you wish to explain your former evidence, or to give any addition- 
al evidence upon the subject? On looking over the evidence, I find it cor- 
rect* I should observe, in explanation, that at 3^. a day I have taken in the 
wear and tear of the horses, and the attendance, and the fuel. 

How long are your boilers calculated to last? About three years fnir 
treatment. 

. How frequently do they require examination? Once a fortnightor three 
weeks': it depends on the situations where they work. In some situations 
where lime is held in solution iq the water in large quantities, they require 
cleaning bftener, but in 6ther situations, where there is very little earthy 
matter held in solution^ they will run for a month or two months. 

la there a facility of cleaning them? There is, from recent improvements 
iii cleaning, very great facility. 

Is there any expense attendtint on the operation of cleaning? One dA.^'% 
work of a laborer, their not requiring an engineer. 
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You hate stated in your former evidence that it would be unjust to put a 
toll on steam carriitges according to the nominal horse power of the en- 
gines; will you state why it would be unjust to put a toll in that way? Be- 
cause I conceive at present there is no standard by which we can fix a horse 
power. 

Will you state to the committee the variations of rate at which the differ- 
ent engineers have calculated horse power? The most generally received 
standard is 180 pounds at two miles an hour — say from 150 to 200. 

Could there be any fair system of toll established by the length of stroke 
and the area of the piston! I think not; the length of stroke and the area of 
piston will give power in proportion to the pressure of the steam upon it; 
the apparatus for supplying or generating the necessary steam would var^* 
considerably in weight in different engines; and therefore the weight of 
different engines would vary so much perhaps as three times or four times. . 
.Would there be any objection to placing toll on an engine according to 
its greatest power of working? I think it would be very difiScult to ascer- 
tain its greatest power of working; it might be done, but it would be very 
inconvenient 

Are there no means of ascertaining the average power of working? Horse- 
power is very arbitrary; the best standard which I can give, is the evapora- 
tion of water, and I should say that the evaporation of nine gallons of water 
in an hour, ought to be equivalent to one horse-power. One engineer will 
apply the steam with more effect from nine gallons of water, and with more 
general advantage than another: nine gallons may be taken as an averaee. 

What is the diameter of your cylinder, and what the length of stroke? I 
believe I have given the leneth of stroke in my former evidence, but not the 
diameter of the cylinder. The diameter of the cylinder now used is about 
. eight inches, offering 64 circular inches area on the piston. 

Is there not on those engines an average rate of expenditure, not speaking 
with mathematical certainty; is there not the means of calculating pretty 
well the expenditure necessary to work them? The expense of fuel for work- 
ins them is well ascertained. 

Having ascertained that it will evaporate nine gallons of water In an hour, 
you come pretty nearly to the expenditure of one horse power? It does not 
follow in all cases that one horse power will be practically produced from 
nine gallons; and, on the other hand, J may state that I have seen a horse 
power produced from five and six gallons. 

At what pressure? It does not signify much at what pressure. 
You say^that the evaporation of nine gallons of water is equal to one horse 
power; does it not make a difference according to the pressure? This is a 
point unsettled at present b^ engineers; some advocate high, others low 
freasare. 

You have stated that if you wished to increase the power of your engine 
you would increase the weight of it, and decrease the size of the wheels? It 
might be done either way: the union of the two is not necessary as far as re- 
gards the intensity of power: the quantity of power must be produced by an 
increase of weight, or by some increased or rapid formation of steam. 

What is the weight of a loaded wagon, with horses? At this moment I 
am not prepared to give an accurate answer, but I should think six totis. 
Does that include the weight of the horses? No. 

What should you judge to be the weight of the horse usually attached? 
From 14 to 16 cwt. each horse. 
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Would not you, by increasing the size of the cylinder, increase your 
power? Yes, in direct proportion with the increase of the area. 

What objection do you see to increasing the size of your cylinder, and ap- 
plying it to a large wagon, so as to use steam carriages for the mere carri- 
age of goods? I think the difficulty and objection lies in the management 
practically; it would be difficult in our present stage of knowledge and ex- 
perience to manage a large cylinder very rapidly on the road; but I see no 
other obstacle to great speed; there is no theoretical difficulty. I would 
wish to state, in connection with my former evidence with respect to fuel 
for working slowly heavy carriages, that my opinion was founded on some 
peculiar laws of momentum lately observed. It is well known that one en- 
gine, when worked at a given rate, works expansivdy; that an engine work- 
ing at a quicker rate, if a piston only travels half a mile an hour, or 50 feet 
a minute, it will require more fuel for it to do a given work, than if working 
at 200 feet a minute. 

Is not the momentum gained by greater velocity an accumulation of pow- 
er? I think the advantage gained by certain rapidity of action, arises from 
the inequalities of the road being overbalanced by the momentum of the 
carriage. When the carriage travels slowly, every inequality, every stone or 
slight obstacle partly destroys the momentum, but at a certain speed it over- 
comes them. There is no actual gain t>f power by momentum; it is only an, 
accumulation very muth like that in a common fly-wheel, and in a carriage 
on a common road: it acts on inequalties as a fly-wheel does in overcoming 
unequal obstacles in machinery. 

You use coke only? We occasionally may use charcoal, but very seldom. 

What is the proportion in price, and what in value, between coal and coke? 
I think one bushel of coals is equal in raising steam to two bushels of coke. 

What is the difference of price on the average? The difference of price 
is, I think, about two-thirds. 

Then there would be a loss, as compared together, in using coke? Coals 
would be much cheaper than coke, but that loss in the expense of fuel we 
are disposed to suffer rather than produce a nuisance on the road by smoke. 

Do you conceive that there can be no mode of escaping that by any smoke- 
consuming apparatus? I know of no mode that is liKely to succeed, nor do 
I tonceive that it is possible to make such a combustion of coals that is like- 
ly to consume all the sublimated or volatilized matter: the consuming of 
smoke or the combustion of smoke is prevented principally by the parti- 
cles being mechanically mixed with, or surroundlsd by, carbonic acid gas. I 
believe it not to be chemically combined. 

Would not the motion of the carriage and the current of air that is pro- 
duced by going quickly through the air, give great facility in the application 
of a smoke-consuming apparatus? If the consumption of smoke depended on 
the presence of oitygen gas or atmospheric air which contains it, I think it 
would; but on my previous reasoning, I .do not think the consumption of 
smoke would be effected by any quantity of atmospheric air. I have madet 
several very extensive experiments on this subject, and the only experimen 
that I have succeeded in, was bv passing it through sand mixed with quick 
lime, by which the carbonic acid was obsorbed, and the smoke, as it passed 
through the mixture, rendered combustible; the carbonic acid was removed 
to a considerable extent, and left the carbonic oxyde and hydrogen gas in 
such a free state as to be combustible. 



4« I Doc. No- 101. ] 

ly takes place in cases of great n^ligence, or in cases of extremity. The 
guage by which we ascertain the quantity of water in the boiler, is the com- 
mon glass guage, well known to those acquainted with the subject 
. Have you any guage to examine the intensity of the steam? Yes, we have 
,i piston whi^h is forced out in proportion to the pressure; in addition to the 
glass guases, there are also stop cocks, so as to ascertain, by turning them, 
the actual height of water. I beg to state, that the safety plug has never, 
but four or five times, given way in all my experiments, and that has been 
in cases where we have been accidently out of water in our tanks; no per- 
sonal mischief can arise from such an accident ' I am satisfied, without this 
plug, an explosion would have taken place in some of the tubes. In large 
boilers, under these circumstances, inevitable destruction would have atten- 
ded it. 

Are you aware pf the size of the cylinders and stroke of the engines on 
the Manchester and Liverpool railroad? I believe them to be ten inches 
diameter, and about fourteen inches stroke. In some of the later engines, I 
believe they have been made of fourteen inches diameter, the stroke being 
the same; but I rather think that that size has been given up, and that they 
have returned again to the ten inches diameter. 

What is the greatest weight, in proportion to its own weight, which any 
carriage draws on a railroad? A carriage was originally supposed to draw 
only three times its own weight on a railroad: but in some experiments 
which I made in Wales with Mr. Crawshay, of Cwrfaithfa Castle, we found 
in an experiment, that a carriage draws thirty times its own weight He 
has the minutes which we made upon the occasion; but I believe, in prac- 
tite, they scarcely exceed five times, or from five to ten. 

You have stated that in your carriages you do not anticipate drawing 
more ^han the weight of the engine? Practically, on the common road, 
weight for weight. I explained, in my former evidence, that it was possible 
to do more under favorable circumstances; but circumstances vary so much 
on the common road, that we ought not to calculate on doing more than 
weight for weight 

The diameter of your steam-wheel is rather greater than the diameter of 
a carriage-wheel? Yes, the size of the wheel I proportion to the engine, so 
that the piston may work under the most favorable circumstances. 

It is by experiment simply that you have arrived at your present size of 
cyliaderP Yes. 

You stated in your former evidence, that you anticipated that passengers 
would be carried at one-half the rate by your steam carriages that they are 
by the common carriages; what difierence in the ordinary expenses of car- 
riage would it make if you had a paved road for this purpose? I think that 
it would reduce the expense to one-half again. 

If there were properly paved roads, you conceive that passengers might be 
carried at one-fourth the present expense? Not exactly; because the totel ex- 
pense includes the government duty, tolls, &c. as the same; but as far as the 
steam-power is concerned they would. These subjects have been inquired 
into by a mathematical friend of mine, and he has published the result of his 
inquiries, which I will take theliberty of delivering in. 

[7%e witness delivered in the same.'] 

You have stated that, in certain states of .the road, you find increased diffi- 
' culty than in othfr atates? I have; and the difficulty- arises from a mechani- 
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cal application of the steam simply; namely, in consequence of the road be- 
ingina greasy state, and the wheeistherefore more easily slippine, and, un- 
der the Qircumstances, do not furnish so good a fulcrum for propelling. 

Have you ever watched the operation of your carriages in anow? I have; 
I have used them both on snow and on ice. On ice, a very little rooghiBff 
of the wheels is necessary, in the same manner as you rough horses, and 
little power is sufficient to propel the carriage, because, under those circum- 
stances, the power to draw the weieht is very considerably reduced, and 
therefore the full power of the engme is not necessary to be exerted; in 
deep snow, there certainly is great difficulty; but I have no doubt that as the 
subject goes on improving,* all those practical difficulties will be overcome. 

The difficulty would be greater in your carriage than in other carriages, 
would it not? I think not; I think the carriage might be so constructed as 
to remove the difficulty. 

Will you state effisct of ice below, and snow above, upon the action of your 
carriages? I have had occasion, in two or three instances, to use the car- 
riage under those circumstances, with a view judging of the practical result 
of it; and I have not found any difficulty in its progress. The snow is press- 
ed strongly under the wheel, becomes almost immovable, and furnishes a good 
fulcrum for the wheel; a little preparation is only necessary, and a very little 
^is sufficient to. overcome any moderate obtsacle of that kind. May I be al- 
lowed to give in to the committee a scale of what I conceive to be an equita- 
ble toll on steam carriages? it is the same in principle as I gave in on my last 
examination, but is extended. 

[The witness delivered in the same."] 

To what width could you extend the tire, without any inconvenience to 
the working of your carriage? At present I cannot say to what limit it may 
be carried, but six inches would be no inconvenience. 

Then your carriage would go with six inches tire? I think so; and, un- 
der certain circumstances,* easier, where the crust of the road is hard. 

Would not that depend very much upon the road? It would; I would 
state general principles: I would submit to the consideration of the commit- 
tee, better to explain my meaning, that it frequently happens that a frost 
forms a crust sufficiently hard to support the weight of a carriage a ton 
weight, but that it breaks under one or two tons; the power required to draw 
two carriages respectively so circumstanced is so great, that I can give you 
no data for estimates off-hand; but it is evident, that the power of drawing a 
one-ton carriage would be little compared with the proportion of power re- 
quired for drawing two. My answer to the question is, generally, as I find 
thepublic roads at this time. 

To what velocity could you increase your present rate of travelling with 
your engine? I have stated that the velocity is limited by practical experi- 
ence only; theoretically it is limited only by quantity of steam; 12 miles, I 
. think, we might keep up steadily, and run with great safety. The extreme 
rate that we have run is between 20 and SO miles an hour. I stated in my 
former evidence, that the carriage when upset by Sir Charles Dance, was, at 
*that time, going at 18 miles an hour, but no idjury happened either to the ma* 
chinery or the persons upon it: still I ain of opinion that that speed might 
be maintained with perfect safety by a little experience in practical manage- 
ment 

5 
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What are the practical objections to going at that rate? I think the prin- 
cipal objections are want of real knowledge and experience: I have been so 
many times disappointed in what theoretically I had imagined true, that I 
am afraid to give a decided opinion on subjects not practically proved. 

Have you any thing further that you wish to state to the committee? I 
would state generally, in regard to the main improvements on steam engines, 
by which this country has been so much benefitted, and the prospects of ad- 
vantages arising from steam carriages, that they have almost always been in 
a direct ratio with that of removing of horses; that the great and splendid im- 
provements of Mr. Watt have generally been supposed to be principally con- 
nected with the separate condenser of the steam engine, and the saving of 
the fuel; but before Mr. Watt's day, we could empty our mines of water in 
Cornwall, and we could do a variety of other simple work by the steam en- 
gine, and so far the improvement of .Mr. Watt was simply with respect to 
the saving of fuel; but I consider that the great national advantage arising 
from Mr. Watt's improvement, has been his application of the steam engine 
to machinery; and the extent of that advantage ta the community has been in 
a direct proportion to the removal of horse power, a most unproductive la- 
borer, and a dead expense to the country. If this view of the subject be en- 
tertained, the application of steam to propelling carriages on common roads, 
will be as important above its application to machinery generally, as the 
number of horses employed in locomotion exceed those necessary to machi- 
nery, which bears no proportion with respect to each other. At Hounslow 
alone, there are, at this moment, upwards of 1,000 horses employed in stage 
coaches and posting. On the Paddington road, a distance of five miles only, 
there are upwards of 1 ,000 horses employed at this moment. Throughout 
Great Britain, it is almost impossible to say how many horses are employed, 
but I should perhaps be within bounds if I were to say millions, in posting 
and stage coaches. If it is possible to remove those horses by an elementary 
power, which I firmly believe is practicable, the national advantage must be 
in proportion to the nnmber of horses so removed ; for if it is shown that one 
carriage horse can be removed Irom the road by the present state of steam 
carriages, I see no reason why every horse so employed should not be so re- 
moved. It has been decided that the consumption of a horse is equal to that 
necessary for eight individuals, so for every horse that is removed and is sup- 
plied by elementary power, we make way for the maintenance of eight indi- 
viduals. If it is possible to carry the idea so far, and I see no objection to 
it, to do the principal work of horftes by steam, or if it can be done by ele- 
mentary power, the committee may imagine to what extent we may provide 
for^our increasing population. I think we may do much by political laws and 
enactments, but natural laws will do more, and when pointed out by the fin- 
ger of Providence, may be made to provide for his wise dispensations. 1 firm- 
ly believe that the introduction of steam carriages will do more than any 
other thing for this country. I have always had this impression; I left an 
honorable and lucrative profession, in which I was extensively engaged, in 
order to attend to this subject, because I was convinced of its importance add . 
practicability; I have always entertained the same idea as I do at present 
Imperfections will exist in the machinery; but I conceive that the main points ^ 
of difficulty have been removed by the experiments I have made, and that ' 
all those now remaining are practical difficulties, which will be removed by 
further experience; and if there is no cause opposed by the Legislature, or any 
other source, I will be bold to say, that, in five years, steam carriages will be 
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generally employed throughout England. I have not liesitated, having 
these feelings, to devote all my time for the last six years to the subject, and 
am mentatjjy recompensed by the present state of the subject. Private car- 
riages also will be used. Under this opinion, I have given directions for build- 
ing a small one. I expect it will go quicker, safer, more easily, and certainly 
more independently than a common carriage, because it doe^ot need the 
food of a horse. 

Do you apprehend much decrease in the price of your engines? I do, and 
I also anticipate that steam will be supplanted by the use of other elementary 
power; but! do not think that will take place in our day. I think that 
steam will be generally introduced, and that the pubic will feel the import 
tance of it; and that scientific men will be directed to examine and employ- 
in ks stead other substances, and new compounds are continualty turning up, 
and some will eventually be applied to mechanical purposes. 

Do you believe that there will be other ways of raising steam? I do pot 
now speak of steam, but certain compounds. I do not specify any particu^r 
compound at this moment. I state those generally which are known to pro- 
duce power by chemical change: some peculiarly explosive and aeriform 
bodies for instance. I am informed that at present there are between 20 and 
40 different carriages building, or about to be built, by different persons, all 
of which have been occasioned principally by the decided journey which I 
took of 200 miles in 1829, and which convinced not only the public of ils 
practicability, but also some of those very men who are now employed i i 
this object, and who previously had laughed at the idea, and considered it 
chimerical. 

la what particular point of maehinery does your patent consist? I have 
three patents, the first for the boiler, the second for the peculiar application 
of it, and the third for improvements that have been made since. 

Do you anticipate much saving of fuel in your future experiments? I do; 
I think the saving of fuel will be in proportion to the saving of water. 

That is, that there will be a saving from the better application of the fuel 
and boiler? Yes; and from the general improvements in machinery. For in- 
stance, it is an unsettled point at this moment whether a pressure of 20 lbs. 
to an inch, or 120 lbs. to an inch, is best., It is not yet decided, which time 
will decide. 
Do you cut off your steam, so as to work expar.sively? Yes, we generally 
' work expansively. 

Vqu have mentioned that various accidents had happened to the crank of 
the engine, which were not accounted for: have you in contemplation toef- 
f<^t any change in the application of the power ? At present, I think the 
crank the most simple; in some of my first experiments I worked with a 
chgio passing over two wheels from one to another; also by a rack and pin- 
ion, and various motions of that kind; but I think that notning is equal to a 
crank: that also is the opinion of others besides myself. Upon the Liver- 
l)ool railroad they first applied the power to the outside of the wheel, but 
they have come to my drawing (No. 3.) at last, and they now work by the 
crank on the axle: this practically confirms my opinion. There is one ob- 
servation which I would at this, moment make iti connection with mv former 
evidence. I have been frequently asked, what would happen in case of an 
accident happening to the guide or director* in case he falls asleep, or in c^se 
he is disengaged from his seat? I have provided for all those casualties, dis- 
tant as they are, by making the valves of the engipe only tem%xw vol ^^x 
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when the guide is in hi* proper situation: the moment he is thrown off his 
seaty by accident or otherwise, the engine instantly stops. ' 

Does that depend upon the guide's weight? No; it is by his foot he keeps 
the valves domi, and the effect on the carriage when he takes it off is very 
singular. I Arely mention that fact in connection with the practical detail 
and safety of the carriage. The same contrivance^ by simply lifting the foot^ 
prevents the carriage irom running down hill too quickly, and we do not re- 
quire the complicated drags that were before used. 

Mr. Walter Hamockj called in^ and examined. 

Are you the proprietor of a steam carriage running on a turnpike road? 
Yes. 

How long have you been running that steam carriage? I dare say about a 
twelve month; this present coach, but I have been working for hire on the 
r6&d only a month. 

Are you the inventor of that particular description of engine that you make 
use of? ^ Yes. 

Will you state the progress which you have made in the improvement of 
war steam carriage? The principal improvement I consider is in the boiler; 
tiut of constructing the boiler much lighter than any that are now in use. 

Will you be kind enough to give a general outline of your plan? There 
are flat chambers which are placed side by side, the chambers being about 
two inches thick, and there is a space between each two inches; there are ten 
chambers, and there are ten flues, and under the flues there is six square feet 
of fire, which is the dimension of the boiler top and bottom. The chambers 
are filled from half full to two-thirds with water, and the other third is left 
for steam: there is a communication quite through the series of chambers top 
and bottom; this communication is formed by means of two large bolts^ which 
screw all the chambers together; the bottom bolts the bottom part of the 
chambers, and the top bolts the top part of the chambers; and by releasing 
those bolts at any time at all the chambers fail apart, and by screwing them 
they are all made tight again. We have braces to fasten them; the steam is 
driven out from the centre of one of the flues, and the water is ejected from 
the pumif at the bottom communication for the supply of water. 

Does the fire pass between the boxes, or does it pass through them? It 
passes only between them. 

There is no line of communication for the fire made between the boxes? 
Nothing more than the flue through which the fire passes; the sides of the 
boilers form the chimneys. 

Have you ascertained what pressure such boilers are equal to? I have 
never gone beyond 400 lbs. on an inch. I have worked^it on a road at 400; 
' the average pressure on an inch is from 60 to 100. 

At what pressure do you set your safety-valve? Taking the average of 
^oads, I work at about 70 lbs. upon the square inch. 

You have calculated how may square feet of boiler? At the present car- 
riage, I have 100 square fe€t of boiler exposed to the fire. 

What distance do you run from stage to stage? What I consider the stages 
I have run is four miles; but every eight miles 1 take in water; I go there 
and back. 

You consider your stage eight miles? Yes. 

Do you take ia both water and fuel at the end of a stage? Yes, at the end 
of every eJgbt miles. 
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What quantity of water and what quantity of fuel do you use for each stage? 
About 7 cwt of water, and sometimes eight; it depends upon the roads; we 
consume more steam when the roads run heary. 

How much coal or coke do you use for each stage? About two bushels of 
coke. 

Do you mean that you take two bushels at the commencement of each 
stage? I take more with me, but I always consume a quarter of a bushel per 
mile. 

Tou do not in that include your first charge of coke when you set oSf No, 
that would vary according to circumstances. If I were in a hurry, I could 
get the steam up in five minutes; but the ayerage time is about twenty min- 
utes in getting up our steam, and we do not consume more than a bushel. 

That is at first starting? That is at first starting. 

Do you apply a second carriage to your engine for 'passengers, or do you 
carry them in the same carriage? The boiler is placed behind the carriage; 
there is an engine-house between the boiler and the carriage; the engines are 
placed perpendicular between the passengers and the boiler, and the foi^ 
Dart of the rehiele is for the passengers, so that all the machinery is quite 
oehind the carriage, and the fore psut of the carriage entirely for the con- 
Teaience of passengers. 

Where does the guide sit? In the front, the same exactly as a coachman 
in a common stage. 

How many passengers have you carried? We carry ten; but I am making 
prorision to carry fourteen. 

What is the weight of your vehicle? I should imagine about three tons 
and a half 

. Have you ever weighed it? Not this carriage, but the carriage I had be- 
fore, the vehicle itself with the engines and boOers, weighed three tons. I 
consider the present carriage to weigh from three tons to three and half 
loos, with fuel and water. 

Have you found the rate of tolls that have been charged at the turn-- 
ike gates very high? On the city road toll, I have paid a snilling. I do not 
know whether it is according to proportioi)^ for it was a thing that did not 
embrace my attention at that time; but the highest toll that I have paid is a 
shilling; but on the road that I run from Stratford to London they told me 
th^ would not take it; they would take it another day. 

What efiect do you think your carriage has upon the road, in proportion 
wi& a carriage equally loaded with four horsesr I think, myself, we should 
rather improve the roads by the operation of our engines, because a steam 
coach requires broad wheels, perfectly upright, and flat on the outside of 
the tire. 

What is the breadth* of the tire? The tirea of the present wheels are about 
three inches and a half. 

What is the diameter of the hind wheels? Four feet* That is not a pro- 
portion that I consider to be working as a profitable diameter; I consider 
that the diameter that should be used for a steam coach is at least five feet 

How wide could you make that tire without losing power? It depends on 
the weight; but taking the common coaches, I should say from six to ei|^t 

inches. 

Without injuring the power? I have no doubt it would be no drawback 
on the power. 
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Do you consider tbAt such breadth would be as good as any other, the best 
you could make? Yes; because a broad wheel on gravel is considered to be 
a great advantage; it is a great disadvantage on a road which is between wet 
and dry; but in those cases we have always an overplus of power blowing off 
at the safety-iiall ve, and, from that circumstance, I am rather pleased at having 
rattier a dead road to run upon, because we are obliged to construct the ve- 
hicle so as to overcome all obstacles in the road, such as dead gravel, &c. 

To how many of your wheels do you apply your power? To two; occa- 
sionally one. 

Do you apply it to a crank? The axletree of the present carriage is made 
precisely the same as the common axles now in use, straight and merely bent 
at the end, and I have & chain which I put on the nave of the wheel, and 
that communicates with a corresponding chain wheel on the crank shaft of 
tlia^ngines. 

What is the size of the circle on the wheel to which you apply your chain? 
About ten inches. 

How wide is the corresponding circle on the crank shaft? The corres- 
ponding pully of the shaft is just the same; so that the power of the engine 
is the same exactly as though it were applied to the wheel itself. 
' You have two wheels; how do you move the first wheel? There are two 
engines working on two cranks, exactly on the same principle as used in 
common for steam coaches. I take the chains; I place the engine four feet 
from the axletree of the hind wheels, and the communication of the chain is to 
allow me to put my work on the springs; and the play of the carriage up 
and down is accommodated by the chain. 
Is your cylinder on springs? Yes, every thing on springs. 
Do you make use of one or two cylinders? Two. 
What size? Twelve inches in the stroke, and nine inches in the bore. 
Has your engine met with accidents? No, except once I broke my chain; 
but in tiie course of five minutes we could replace that chain, by taking an 
extra chain with us. 

Are your boilers easily cleaned? In all the experience 1 have had with 
the working of boilers, 1 have found that they never require cleaning. I con- 
sider that the ebullition is so rapid, and the action of water so violent, tha 
it will not allow any dirt to fix. 

How long do you calculate one of your boilers would last? It depends up- 
on the thickness of ipetal. The boiler we use I consider will last, in loco- 
motive engines, from a twelvemonth to two years. 

What is the thickness of the iron that you use? I should suppose about 
the eighth of an inch thick. 

Of what material are they composed? Of the best charcoal iron. 
What is the appearance of your carriage; has it an unsightly appearance? 
I think my present carriage is any way from being handsome, because it has 
been built entirely for experiments. 
Does the chimney rise above the carriage? No, you cannot see the chim. 

When steam is let off, where is it let off? You can see nothing of it 
Then there can arise no annoyance either from smoke or from waste * 

steam? None at all. 

Do you find that horses are frightened by your carriage? I think I may 

Mjr SBfelf, that not one horse in a thousand will take the least notice of it; 
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occasionally a horse may shy at it I have seen fine blood-horses come along 
and shy at a wheelbarrow lying in the road, and not shy at my engine. There 
is one very curious instance which I had once occurred, and I was obliged 
to the gentleman for the pains he had taken. He had a fine horse on the 
road and this horse shyed: he was determined to get over the difficulty, if it 
were possible; and to make him acquainted with it, he came with the engine 
to town; and at last, when we got to London, the horse got quite tranquil, 
so that he put his head in the engine-housey which is very uncommon, and 
which is a thing I never saw a horse do before. 

Then you anticipate that if such engines become more common, there will 
be less difficulty in this respect? I have no doubt of it 

Does it produce any very extraordinary noise in its motion? We have 
worked so quietly latterly, that I have almost run over people on the road^ 
aod they have not heard me. I have had to halt very often: they have not 
been aware of the coach coming. 

Under any circumstances, the noise that is anticipated would take place 
from the defect of the machinery, and not from the machinery itself? Yes; 
we make one-third of the noise of a common stage. 

When you let ofi* steam, does it produce any violent noise in stopping? I 
can give an instance to the contrary which occurred in London, which is the 
best place to put the thing to a test About a fortnight or three weeks ago, Mr. 
Wilks was kind enough to mention my running on the Stratford road, and 
I wished him to present a petition from me to the House of Commons, and 
at the same time requested that he would take a ride with me in my engine 
on the Stratford road. I waited three quarters of an hour for him, and the 
machinery was working the whole of the time; there were hundreds of peo- 
ple walking round it, and I suppose they did not know it was working at . 
all; there was no noise at all in the machinery ;and you could not, unless you 
had gone to the back, known that it was working. 
Does spare steam pass ofi* without noise? Not any. 
Supposing that you were going at full work, and that you had occasion to 
stop for a passenger, you would be obliged to let oflfsteam? Yes; but know- 
ing from experience h6w to obviate a disadvantage of this kind, which of 
course practice alone has brought to bear, it is probable that a stranger would 
hardly know it, it is so quiet 
In what part would it be thrown o£f? It is divided and thrown ofi* from 
^ the fire in every direction, and it is instantly consumed; the force is spent 
;l8 not that rather a dangerous experiment to throw a great body of steam 
upon a confined fire? No, we have never found any disadvantage from it 
In no circumstances in which the engine may be at work, have you tp let 
offsteam in a way to create a noise? No, the boiler will not hold any quan- 
tity of steam; we let ofi* steam from the safety-valve as fast as we make it; 
there is no capacity for accumulation; the fault of many of the boilers is, that 
if any accident happens there is a complete explosion. 

Then, of course, the danger is lessened? Yes, to construct a boiler of that 
hind has been my object, so that the steam may be let off 

Suppose if one of your boilers were to burst, what would happen? I will 
give the committee an instance. I was travelling about nine miles an hour 
at the time the boiler was the twenty-fourth part of an inch thick. I waa 
working then at 100 Ibs.fon the square inch, with 13 persons on the present 
vehicle that I have now in use; and all of a sudden the carriage stop|^d,^xi^ 
for what reason I was at a loss to know. I got from my a\si^<^ «e:dX ^xw^ yi^xiX 
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to the engineer to ask him what was the reason he had stopped the steam; he 
told me he had not stopped the carriage, and he immediately applied his hand 
to the guage cocks. I found there was neither steam nor water in the boiler. 
I immediately knew that th« boiler was burst; they said they did not know it, 
as they heard no noise, and I told them that I did not mean they should know 
it I said I would show them that it was so, and I took the boiler from the 
carriage and unscrewed it, and there were four larse holes that I could put 
my hand into. This occurred from the chambers being too thin, and they 
drove all the water out of the boiler, and yet there was no injury to any per- 
son; there was not one person that heard any report; there was no steam, 
and there were no symptoms in any way that the machine itself had burst 

Do your boilers extend under the place where passengers sit? No, quite 
at the back. 

What is the length of the carriage? About 1 6 feet, and the room the boil- 
ers occupy is about three feet ^ 

Are the chambers of the boiler placed upright side by side? They are 
placed sideways. 

In what circle could you turn your calriage? The circle of the inner 
wheels would be four feet, and the outer wheel would exceed that by the 
breadth between the wheels: taking the average it would be ten feet 

Supposing you wanted to turn round, what should you do? If I got into 
any difficult, and wished to go back, by applying my hand to the lever I 
should reverse the motions and run the reverse way. 

Sup);osing that you are travelling in a street often feet wide, and that there 
was another street of ten feet wide branching off at right angles with the finlt 
strebt, would there b^ny difficulty in turning into it? Not any ; but I could 
not turn round in that\jstreet In that case, I should back the engine. 

Would you check your speed? That would depend upon the speed I wti 
. going at If I was going at six miles an hour, it is probable that I should 
not check the speed; but if I were going ten miles, it is probable that I should 
before I turned round into the street 

Are your fore-wheels and hind-wheels the same diameter? The fore- 
wheels are three feet three, and the hind wheels are four feet 

Can you reverse the action of your carriage with great ease? Yes; by sim- 
ply pulling a lever: it is done momentarily. In my present carriage I could 
not; but I have an arrangement of that kind in the other carriage which I 
am making. 

Supposing you were going at the rate of eight miles an hour, and that you 
wished to stop suddenly, in what number of feet could you stop your ctr« 
riage? I will say twelve feet 

Of course there b equal facility in avoiding any particular object on the 
road? Yes. 

In stopping so suddenly, would there not be a*danger of your being thrown 
off? No, I think notl 

Have you ever done it? Yes, I think I have. 

Supposing you wanted to stop in the quickest possible way, at what dis- 
tance could you stop at that rate of speed? About four feet, I should think 
by backing the engines, because it is like putting a block to the wheel. 

Would there be no danger in that? No, I think not; it would throw a 
strain on the engines; the rate of eight miles an Hour is not so great; it is only 
in extreme dases that that would be done. I am very frequently obliged to 
pull up veryAott, from children running in the road. 
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Of what materials are } our wheels made? Like common dished wheels, 
they ought to be perfectly cylindrical. I merely took tjiem to avoid expense; 
they were wheels which I had by me. 

Are you proprietor of arly other coaches? No. 
^ Have you any means of ascertaining the proportion of friction that there 
is on your wheels, an4 those drawn by horses? No; I have never gone in- 
to experiments to any extent upon that pointy 

Are your wheels shod frequently? rTo, I have never had occasion to 
have the wheels shod; they were not worn out 

For what pumber of miles could you run* without being obliged to shoe 
your wheels? I do not know. 

Do you find any difierencc of wear between your propelling wheels and 
your drawing wheels? No, except in relation to the weight on the hind 
wheels. We throw more weight m order to produce friction, to get adhe- 
sion to the ground. 

Have you any scheme of tolls to produce to the committee, which you 
think would be equitable to lay on steam carriages for the use of the road? 
I have considered the thing a great deal, and, after taking every thing into 
eonsideration, the weight of the engine and the weight of the boiler, and so 
on, on the one hand, 1 think it is much upon a par with the weight of the 
horses, and the weight of the coach, and the weight of the passengers, on the 
other. 

What would you consider the most eq^uitable mode of charging steam car- 
jriages? I think there can be no better mode than charging them as other 
^coaches are charged. 

' Supposing that a common coach at present takes eighteen persons, and 
you, by improvement of your coaches, could take thirty-six persons, how 
would you apportion the rate of tolls that you ought to pay? In that case, 1 
think the fairest way would be to have it in proportion to the number of per- 
sons that are carried. 

Do you think it should be charged by weight? That, perhaps, would be 
as fair a way as any of charging the toll. 

Charging the weight of your engine as compared with the weight of com- 
xnon co2[ches? Yes. 

Have you turned your attention to the improvement of your machine, by 
affixing a carriage to it, and making your engine independent of the carriage? 
Yes; I have considered the thing well in every point, and I think it is much 
better to construct the carriage both for passengers and macninery on one 
arrangement, not to have the thing divided: my reason for considering it an 
improvement is this; for instance, if a new road is made, the object of the 
jiroprietors of that road is to get as heavy a roller as they can, even if it requires 
eight horses to draw the roller. They do that in order to imbed the gravel to 
make it solid; and the nearer that steam coach approaches that roller, the 
better it is for the propelling wheels. 

With respect to the tolls, are you satisfied with the present tolls you pay? 
I think they are exhorbitant: from Islington to the city road they charge me 
a shilling. 

Are you aware what four-horse coaches, with eighteen passengers, pay on 
the same road? I am not aware. 

From what cause do you judge it excessive? From the short distance 
which I come. I do not knowVhat length of road I should have had \a t>\\i 
before I should ^ve been subject to another loll. 
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Have you considered the subject whether it would be more equitable to 
charge the steam carriages by horse-power or by weight, or by the number 
of passengers? I think the fairest way would be in proportion to the num- 
ber of persons they carriedi or in proportion to the weight 

What would you give b^ the basis of your calculation, considering that the 
number of persons which the different coaches carry varies from eight to 
eighteen? I see no other way, excepting that of the number of passengers, 
or ac<^ording to the weight. 

Have you made any calculation at to the number of horses that the exten- 
sion of these carriages will displace with respect to each stage; what horse 
power is equivalent to the carriage that you run? I take a stage to run 100 
miles a day, and I reckon upon the average it would take from fronb 48 to 50 
horses for the whole distance; the common average is a horse a mile; but 
fi^m the information I have endeavored to get,' from what I have gathered, 
I find it about 4d or 50. I believe it is to be taken backwards and forwards 
at a horse a mile. 

Would your carriage displace along the road four horses on each stage? 
Two ten-horse engines would displace the whole number of horses s^long the- 
•^ge. 

Have you made experiments which enable you to answer these questions? 
I was not at all prepsu^; my principal object has been to ascertain what pow- 
er I have to do a certain work. I have paid very little attention to horse 
p^wer. 

Do you think that your carriage is equivalent to a four-horse carriage on 
th^ road, in the number of persons it would draw? It is more than equiva- 
lent to it, from the circumstance of its being able to do more work. 

Supposing you have to run seven miles, how many passengers could you 
carry at your present speed? Fourteen. 

SuppOBing Uiat a coach of four horses were to run that seven miles, how 
many passengers would it take? It would carry the same number. 

What weight, upon a dead level, will set your carriage in motion on the 
road if you were to attach a rope to the pole, and suspend that rope over a 
pulley, and attach a weight to it, what weight will set your carriage in mo- 
tion? It is an experiment I never tried, and I am not prepared to answer. 

Do you know what, if you were to set your carriage on. an inclined plane, 
is the inclination that will set it moving? No, that is not a thing which I 
havb tried. 

Do all the wheels follow in the same track? Yes, they do. 

Have you ever tried your carriage up bill on an inclination? Yes, I have, 
repeatedly. 

Do you find an increased difficulty in proportion to the length of the in- 
clination? No, we go much slower; but we never find any difficulty. 

-Have you ever found your wheels slip? No, excepting once on the city 

road, at the time when the frost v«as on the road; it was quite slij^ery ; and 

•then, for an experiment, I tried to see if I could run up the Pentonville Hill 

with one wheel only; and I did, but it was with some difficulty towards the 

top. If I had propelled by the two wheels, there would have been none. 

Have you found at what inclination in a frost the wheels will begin to turn? 
I never witnessed such a thing. 

Are you aware that such a thing will occur? Yes; but I think there are 
na hills which are to be found, upon which horses travel, but What a coach 
froald propel itaelf up. . 
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Have you ever seen your carriage get into a deep rut? Yes. 

In such a ease what generally happens? If it is a single wheel, it may go 
round two or three times; if I have two yvheels, it is improbab^le I should get 
into such a situation. 

Do you find peculiar states of the roads upon which you traveli more dis- 
advantageous than others to the progress of your carriage? Yes. 

Which do you' find the most disadvantageous? When the roads are be- 
tween wet and dry. 

In going down a hill, are you obliged to lock your wheel in anyway? Yei^ 
if it is much down hill; it depends upon its inclination. 

What is the nature of the provision for locking the wheel? A metallie 
band, bearing upon the outer part of the wheel. 

What are the fares that you take, higher or lower than ordinary stages? 
They^are the same fares as the stages fares; eight-pence from Bow, and nine- 
pence from Stratford. 

How much is that a mile? Barely two-pence a mile. 

In what proportion to what \s charged by stage coaches do you think yM 
should be able to charge your fares? I think the fares would be reduced ta 
two-thirds, after a short time, if supported and not overburdened by tolls. 

Should you be able to continue running if the fares were reduced to two- 
thirds? Yes. 

In your present state of knowledge upon this subject, in what propor- 
tion do you think the rate of travelling would be diminished? In die pro- 
portion I have stated of two-thirds. 

Is it your opinion, that, generally speaking, it would bereduced two-thirdi? 
Not in the outsjet, but after the thing has had full play. 

Have you made any calculation of the expense of running a coach drawa 
by four horses, carrying a certain number of passengers, and that of ninninc 
with one of your carriages at the same velocity? I have endeavored several 
times, but I have never been able to get an accurate account of the power and 
other expenses incurred in driving a long staee; but I reckon my own expen- 
ses will cost from three to four pounds a day, including all expenses at- 
tached to the coach, wages for engineer, steersman, fuel, oil, &c. 

What expense is it a mile upon your coach? I have taken tiie one han- . 
dred miles, and included the day's expenses. 

Were you ever a stage proprietor yourself? No. 

Then from your own knowledge you can state nothing a» to the cost df 
carrying passengers by a stage coach? No. 

Could you, if you were to travel one hundred miles in ten hours, keep up 
that rate without damage to the machine? Yes, I reckon the work would 
be done in eight hours, but the stoppages and one thing and another ^ill take 
up two hours. 



Mercuriij 100 die Jiugustij 1831. 
John Fatty i esquire, called in; and examined. • 

Have the goodness to state your profession? I am an engineer. 

How long havQ you been so? It is twenty-five years sinoe I began mjr 
studies; I have been much employed by inventors to assist them in bringiD|; 
forward new inventions of a mechanical jiature, %x\d\tL ^fi\ay!K\^YGk^^^xfiL« 
practical businesses^ ivhen they have been ft^cvtuVi^ YstSfifiXVA^^tsL^^v 
aoiag. 
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Have you turned your attention to the subject ofpropelling stage coaches 
or other carriages, by steam power on common roads, instead of by horses? 
I have had occasion to prepare specifications of several such inventions for 
which patents have been taken out, and have in consequence paid a c lose at- 
tention to that subject I have also been consulted to settle the plans for the 
practical execution of steam coaches, but 1 have not directed or superintend- 
ed any such execution myself. Of the specifications I have prepared, three 
have been followed up by building coaches, which have actually travelled on 
common roads; viz. Mr. Gurney's, Mr. Haneock's, and Messrs. Heaton's. 
I believe those three are the only trials amongst many others which have had 
60. much success as to have been persisted in to the present time. I have ex- 
amined other steam coaches, but they had no chance of success, and have 
been abandoned. 

Will you state,, generally, your opinion as to the probability of this mode of 
propelling carriages superseding the necessity of using horses? All that has 
been hitherto done, or which is now doing, in that way, must, I think, be 
considered as experimental trials. I have no doubt whatever but that a stea- 
dy perseverance in such trials will lead to the general adoption of steam coach- 
es, and that, at an earlier or later period, according to the activity and intelli- 
gence with which an experimental course is conducted; and I am firmly con- 
vinced that the perfection which is essential to their successful adoption will 
never be attained by any other course than that of reiterated trials. The 
difficulties with which the steam coach inventors are at present contending, 
are chiefly of a practical nature, which, I think, are not likely to be avoided 
by any great efiforts of genius or invention; but I expect that they may be 
surmounted one after another by the experience which may be gained by 
<$ompetent mechanicians in a course of practice. I do not look for much 
more invention as necessary to the establishment of steam coaches; but it is 
certain that the practice is indispensable. Each of the three inventors I have 
named has brought his steam coach to that state which renders it a full-sized 
model for making such experiments as serve to prove the principle of action, 
and to teach how a better coach may be made the next time, but nothing more. 
The probability that such next better coach will be sufficiently perfect to 
answer as a trading business, depends as much upon the natural judgment and 
acquired skill of each inventor, as upon the qualifications of his present pro- 
duction. 

Has the experience which has already been had of steam carriages been 
auch as to enable us to say that it Is not merely in theory we have calculated 
on these carriages? Yes; what has been done by the abovementioned inven- 
tors, proves to my satisfaction the practicability of impelling stage coaches 
by staaim on good common roadd, intolerable level parts of the country, 
without horses, at a speed of eight or ten miles an hour. The steam coach- 
es I have tried, have made very good progress along the road, but have 
been very deficient in strength, and consequently in permanency of keep- 
ing in repair, also in accommodation for passengers and for luggage; for 
which reasons they are none of them models to proceed upon to build coach- 
es as matter of business. From the complexity of their structures and the 
multiplicity of pieces of which they are composed, it is impracticable to 
give them the requisite strength by mere addition of materials, because 
they would then be too heavy to carry profitable loads as stage coaches. I 
do not consider that it is now a question of theory, for the practicability I 
we/re to be proved; but mnny details of executiooi which are necessary to 
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a successful practicci are yet in a very imperfect state. My view of the 
subject will be best understood by stating, that I believe an eflBcient steam 
carriage might now be made merely to carry despatches, by following the 
general plan of the best steam coach which has yet been produced, improv- 
ing the proportions wherever experience has shown them to be faulty, using 
the very best workmanship and materials, and giving a judicious increase of 
strength to the various parts which require it, allowing all the weight of a 
load of passengers and luggage, and of the accommodations for them, in ad- 
ditional strength of materials, so that the total weight of the coach, without 
any passengers or goods (beyond the people and stores necessary for its own 
use and one courier,) should be as much as the weight of the previous model 
containing a full load of passengers and luggage. If thrfee such coaches 
were constructed, one of them might start every morning at each end of ai^y 
fair line of road 100 or 120 miles long, and one would arrive every evening 
at each end of that line in less time than a common stage coach; and I should 
expect that, after twelve months' perseverance, and after making all the im- 
provements and alterations in the machinery which so much experience 
would suggest, the double passage ought to be made with as much safety and 
punctuality, and with much more expedition, than by the mail. The road 
between London aiid Bristol might be taken as a suitable line, but I should 
expect a pair of horses to be provided at every notable hill, to help the steam 
carriage up it. Such a proposition, it is obvious, offers no inducement to 
individuals, because it would be all expense without any return; but if it 
were judiciously done at public expense, I^ave no doubt but that it would 
lead to as much improvement inthe mode of execution of future coaches as 
would enable them to be run permanently as stage coaches with profitable 
loads. The great defect of all the present models, is want of strength to re- 
sist the violence to which they are subjected in rapid travelling with a full 
load; and if that strength were given upon the present construction* by the 
mere addition of materials, they would become too heavy to be efficiently 
propelled, even if they carried no load in them. 

Have you seen the last coaches of Mr. Gurney and of Mr. Hancock? I 
have not minutely examined the last addition of Mr. Gurney'scarriagei but 
have met it several times on the roads in my neighboriiood, as I have also 
that of Mr. Hancock; and I have travelled in the latter; but he has enlarged 
the cylinders of his engine since I have gone in it 

You have seen Mr. Gurney's original boilers; he states that he has altered 
very little in the form of them? Yes; I was well acquainted with the con- 
struction and performance of all that Mr. Gurney had attained at the time 
when I specified his patent, three years ago; and I understand generally the 
alterations he has since made^ though I have not made trial of any ofhisrawe 
recent coaches; the principal change is in separating the engine and maclil- 
n^ry from the carriage which is to convey the passengers, so that there arf 
two four-wheeled carriages, one drawing the other after it. This change in. 
volves no very great alteration in the machinery, which I understand, ii 
nearly the same as it was; but the impelling carriage in which it is placed is 
very much lightened by transferring all the passengers to the additional car- 
riage which is drawn. Mr. Hancock continues to feUow the original plan 
of carrying the passengers in the same four-wheeled carriage wi& the w- 
gine. 

As far as your experience has gone, which plan of steam carriage do yoy- 
think will hereafter be most generally resorted to^ thai of vci^^x^^tk^ ^Wv*.«« 
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drawing after it another carriage containing the passengers, or of conveying 
the passengers in the carriage in which the machinery is placed? I have not 
hid experience in drawing by two carriages, except by the analogy of what 
is done on railways, and hence I feel some di£5culty in speaking positively 
upon that point There are advantages and disadvantages to be considered in 
both modes, but all the mechanical considerations incline to one side, viz. 
to place the engines in|the same carriage with the passengers. That plan will 
certainly be lighter than when two separate carriages are used, and also the 
weight will be laid on those wheels which are turned by the engines, as it 
should be, to give them ja firmer adherence to the road;, also one carriage 
will steer and turn much better than two, and will go safer down hill, and 
will be cheaper to build and to work. 

By that means great weight is saved? Yes; perhaps one-third is saved in 
exerting an equal power. In stating my opinion of the probability of a pro* 
Citable result, after twelve months' trial of three coaches to run regularly twa 
hundred miles every day, with despatches only, I contemplated that the en- 
gines and passencers would be ultimately inonecarriage,bf»causethatpIan has a 
mostdecided mechanical advantage in makingprogressalong the road, and also 
in facility of steerage, and safety in going down hill, and fewer servants are re- 
quired to manage one carriage than two. On the other hand, all the constructions 
tfiat have yet been tried with one carriage, subject the passengers to more or 
less occasional annoyance from heat and noise, sqioke and dust, and there is 
still an apprehension of danger from the boiler: hence passengers will inva- 
riably prefer to go in a separate carriage to be drawn by the engine-carriage; 
that mode also offers a facility of changing the engine for another, or for post 
horses, in case it gets deranged, because the change may be made without 
unloading) and discomposing the passengers. For common stage coaches these 
are strong motives to use a separate carriage^ and if it can be brought to bear 
in comparison with horses, that mode will probably be most generally adopt- 
ed by the influence of the passengers, although the other mode will inevita- 
bly perform the best and attain the greatest speed of travellings 

Taking the two machines of Mr. Gurney and Mr. Hancock in their pre- 
sent state, do you think them entirely free from defects likely to prove dan- 
gerous to travellers? I do /lot think the danger is at all considerable in 
'either Mr. Gurney 's or Mr. Hancock's: there are dangers in all travelling; 
but I do not think the amount of danger will be at all increased by substitu- 
ting steam for horses, according to either of those plans. 

The question refers to the peculiar danger from the nature of the propell- 
ing power? I am not inclined to think that there is any peculiar danger which 
would be incurred by the change; and if the engines and passengers are not 
on the same carriage, I think the ordinary danger would, on the whole, 
be diminished. 

The question is with reference to the relative danger of travelling ten miles 
an hour when drawn by horses, and when propelled by steam at the same 
. rate? The danger of being run away with and overturned is greatly dimin- 
ished in a steam coach. It is very difficult to control four such horses as can 
draw a heavy stage coach ten miles an hour in case they are frightened, or 
choose to run away, and for such quick travelling they must be kept in that 
state of courage that they are always inclined for running away, particular- 
ly down hill, and at sharp turns in the road. The steam power has very 
lutle corresponding danger, being perfectly controllable, and capable of ex- 
£ji/j3g' its power in reverse, to retard in going down hill; it must be careless- 
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ness that would occasion the overturning of a steam carriage, which carries 
the passengers in the same carriage with the engines. The distinct carriage 
I consider to be much less controllable in turning corners and going down 
hill, but yet far more so than horses. The chance of breaking down has 
hitherto been considerable, but it will not be more than usual in stage coach- 
es when the work is truly proportioned and properly executed. The risk 
of explosion of the boilers is the only new cause of danger, and that I consi- 
der not equivalent to the danger from the horses. There have been, for 
several years past, a number of locomotive engines in constant use on rail- 
ways, all of them having large high pressure boilers, very much more dan- 
gerous than Mr. Gumey's or Mr. Hancock's, whether we consider the pro* 
bability of explosion, or the consequence likely to follbw an explosion« be> 
cause, being of large diameters, they^are less capable of sustaining the inter- 
nal pressure of the sleam; and also they contain a large stock of confined 
steam and hot water. The instances of explosion among those* locomotive 
engines have been very rare indeed. 

Have you seen Mr. Hancock's last improvement? Yes; I consider Mr. 
Hancock's boiler to be much better for steam coaches than any other which 
has been proposed or tried. 

If that boiler were to explode it is understood that there would be no dan- 
ger at all? It is very difficult to foresee that; at the same time, the risk of 
explosion in Mr. Hancock's boiler is certainly very much less than in the 
locomotive boilers which are in constant use on a large scale on railways, 
and where we have proof that the extent of the danger is very small. 

Do you think his boiler might explode without the passengers knowing 
any thing about it? The metal plates of which the boiler is composed will 
burn through by the continuance of the action of the fire, and may crack or 
open so as to let the steam or water out of the boiler and disable the coach 
from proceeding, but that is hardly to be called an explosion; no one would 
be hurt. The crack which lets out the hot water is sure to throw it into the 
fire in that case, and not on the passengers. % 

You consider the danger to passengers by the chance of bursting of a boil- 
er as not eouivalent to the danger of horses running away? It is not equiva- 
lent, in my opinion; the probability of a coach being overturned by the horses 
is far greater than that of a boiler bursting, and when either accident does 
occur, the probable extent of mischief from an overturn in which all the 
the passengers must participate, is much greater than could be expected from 
the bursting of a boiler, which must always be kept at a considerable dis- 
tance from the passengers on account of the heat. 

Supposing either Mr. Hancock's or M>. Gumey's boiler were to burst; in 
the one case the boiler being in a separate carriage, and in the other, the boil- 
er being at considerable distance behind the passengers, what danger do you 
think could arise to the passengers from the bursting of the boiler? There 
is very littledifierence between the two cases; the separate carriage obviates 
any apprehension that passengers could entertain from the danger of explo- 
sion, and will therefore be preferred by most passengers, but for myself I do 
not rate that risk so high as to be induced to encounter the complexity of the 
two carriages, and to forego some of that new security which steam power 
offers by its controllability in descending hills and turning corners, compared 
with hordes; and which circumstance, as I have before stated, I think the 
plan of one carriage is much to be preferred, and probably the other objec- 
tions of lieat and noise and dust may be overcome by some new means, 
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whieh have not yet been shown. In Mr. Hancock's carriage the boiler is 
quite behind, and away from the passengers, so that they are out of dan- 
ger, if there, is any, and are not materially annoyed by heat or smoke anrd 
dust, except at times when the wind brings it forward, and that rarely hap* 
pens when the cpach is moving. 

is not the danger attendant on Ihe bursting the boiler greatly diminished 
by the subdivisibn of its internal capacity into tubes or small and flattened 
chambers? Unquestionably, until the danger of explosion has become ex- 
ceedingly small; but the great difiScuUy of boilers for steam coaches is, that 
.the liability to burn through the plates has been increased by that expedient 
for ensuring safety; and the progress of the invention has been impeded be- 
tween thode two di£Bculties in a greater degree than from any other circum- 
stance.^ It was a desideratum for a long time to contrive a boiler, which, be- 
ing made ofasuch thin metal as would not render it too heavy, should havQ 
sufficient strength to retain high pressure steam without danger of bursting; 
also that it should expose a Bufficient external surface of metal to the fire and 
flame, and of internal surface to the contained water, to enable the required 
quantity of steam to be produced from such a small body of water as could 
be carried on account of the weight: both these conditions were fulfilled by' 
subdividing the contained water into small tubes or into flat chambers, which 
expose a gr^t surface in proportion to their internal capacity, and admit of 
being made strong with thin metal; but there is also another condition which 
is rather incompatible with the two former, viz. that there shall be such a 
very free communication between the interior capacities of all the tubes or - 
narrow spaces, as will combine them all into one capacity, and permit the 
contained water to run from one to another, and also permit the steam, which 
is generated in innumerable small bubbles within the narrow spaces, to get 
freely away from them, to go to the engines without accumulating and col- 
lecting into such large bubbles as would occupy the spaces and displace or 
drive out the water before them; for, if that efiect takes place, it produces 
three great evils; the water boils over into the engines along with the steam, 
and is waited, and the thin metal which remains exposed at .the outside to 
the fire, becomes burning hot in an instapt, sifter the water is so driven away 
from the internal surface, and the further production of steam is suspended^ 
so long as the water continues absent. If such displacement of the water 
takes place frequently, and in many of the narrow spaces at once, the 
boiler will not produce its proper quantityof steam, and the thin metal will 
soon be destroyed by the fire and burned through. 

Have you seen Mr. Hancock's boiler? Yes; I have had many trials of it; 
and I am well acquainted with Mr. Gurney's. The former uses flat chambers 
of thin iron plate standing edgeways upwards over the fire in parallel vertical 
planes; the latter uses small tubes (such as gun barrels are made of,) to contain 
the water, the fire beingapplied on the outsides of the tubes. In Mr. Gurney 's 
boilerlthink the subdivision of the water into small spaces is carried too far, 
because the steam cannot get freely away, out of such small tubes as he uses 
(and they are also of great length) without displacing much of water which 
ought always to be contained within them. By an ingenious arrangement 
of connecting pipes and vessels which he called separatoi*s, he collects all the 
water which is so displaced along with the steam, and returns it again into 
the lower ends of the same tubes, and thus avoids the evil of water boiling 
over into the engines; but that makes only a partial remedy for the diminish- 
ed /production of steam, which is attendant on the absence of the water from 



[ Doc. No. lOl. T 49 

the heated tubes^ and the still greater mischief of Invning and destroying 
the metal. Hence the evil of burning out the tubes iftvery great. Also his 
separators hold a considerable weight of water, from which no steam hi 
generated^and they require to be heavy in metal, to render them quite safe 
and strong. Mr. Hancock has taken the middle course in subdividing the 
water in his boiler, having all that can be i:pquired for safety, and the weight 
I. believe, on the whole, to be less than that of any other boiler which will 
produce the same power of steam; for, owing to the freedom with which the 
steam can get away in bubbles from the water, without carrying wat^r with 
it, the surface of the heated metal is never left without water. Ilence a 
greater effect of boiling is attained from a given surfalte of metal and bodj of 
contained water, and that with a muchgreaterdurability of the tneiti plates,' 
than I think will eter be obtained with small tubes. 

Do you think there is a danger of such an explosion as could do injury 
from the mode in which Mr. Hancock's boilers are constructed? That danger I 
hold to be very slight; the metal of Mr. Hancock's chambers will burn through 
in time, the same as that of Mr. Gurn^y's tubes will do, but not so soon* I 
think, faking the thickness of metal to be the same in both cases, no injury 
will be done by such blirning through, ^he fiat chambers in Mr. Hancock's 
boiler are very judiciously combined, and are secured against bursting by 
causing the pressure which tends to burst each one open, to hetsounteracte^i 
by the corresponding pressure of the neighboring chamber, and the outside 
chambers are secured by six bolts of pro^iigious strength, which passthrougti 
all the chambers, and unite them all togeliier so firmly that I see no probabli- 
ty of an explosion. Mr. Gurney's vessels, called separators, are secured by 
hoops round them, and, being of a small size, may be made very 3afe, Hence 
I think the two boilera may be put on a par as to their security; but there is 
a decided preference in my opinion of Mr. Han^cock's form of subdividing 
the water and steam compartments, which I believe is carried too far in Mr. 
Gurney's tubes whereby the water, included within the several tubes, cannot 
make way to allow the bubbles of steam to pass by it. This is owing to the 
great length and the small bore of the tubes; and they are so isolated one from 
another, that the water within them is not able to act as a common stock of 
water, or to keep all the interior surfaces of the metal tubes thoroughly sup- 
plied with water: thence, there is a deficient production of steam and an un- 
necessary destruction of metal. 

Are you aware that, in Mr. Hancock's carriage, the waste steam which is 
discharged from the engines after having performed its office, is thrown into 
the fireplace, and makes its escape upwards along with the flame, smoke and 
heated air, and gas, which ascend from the fire to act on the boiler? — ^That 
is the way in which he gets rid of the' waste steam which the engines dis- 
charge, and I understand that he thereby avoids the puffing noise and ap- 
pearance of steam which is common with high-pressure engines. Mr. Han- 
cock blows the fire with a current of air produced by a revolving fan ner^ 
which is turned rapidly round by the engines, and therefore he requires no 
tall chimney to produce a draft. Mr. Gurney formerly used a singular fan- 
ner to blow the fire, and also a chimney of some height; but I understand 
he has lately laid it aside, and adopted the plan of carrying the waste steam 
which has passed through the engines into the bottom of the upright chim- 
ney, and there discharging that steam through a contracted orifice ii^ a ver- 
tical jet, which, by rising upwards with great velocity in the centre of the 
chimney tube, gives a vast increase to the draft of heated air and smoke in 
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the chimney tube, without any great heieht being necessary; and this plan 
occasions a most active current of fresh air to pass up through the fire, and 
urge the combustion. This is a most important improvement in locomotive 
engines, which has been introduced by Mr. Stephenson into his engines on 
the Liverpool and Manchester railway, and being there combined with an 
improved boiler, it has been one of the great causes of the brilliant success of . 
that undertaking. I believe the same plan will be indispensable to the com- 
plete success of steam carriages; for chimneys cannot be used high enough 
to obtain a draft, and blowing the fire is a very troublesome affair. I fear 
Mr. Stephenson's plan would occasion more noise than is allowable on com- 
mon roads; but that may perhaps be avoided or diminished by 8on\e new ex- 
pedient 

Do you think any danger would arise from the waste steam being dis- 
charged over a large mass of fire on Mr. Hancock's plan? Not the least 
danger; all the waste steam which blows ofif at the safety-valve, and which 
the engines do not require, is got rid of in the same way; but I expect Mr. 
Hancock does not help the combustion of the fuel by thus mixing the waste 
^team with the flame before it acts against the boiler. Mr. Stephenson's 
improvement, which Mr. Gurney has adopted, is to*dischargeallthe waste 
.^team into the bottom of the upright chimney with a violent vertiwl jet, in 
c/rder to accelerate the draft up the chimney. The waste steam, therefore, 
is mixed with the smoke^and gas, after the smoke had ceased to act on the 
boiler. The waste steam was very commonly discharged into the bottom 
of the chimney, in Trevethick's hi^h pressure eirgines, many years ago, in 
order to mix with the smoke ascending in the chimney, and thus get rid of 
the waste steam; it improved the draft in that way, by rendering the smoke 
more buoyant, but only in a slight degree; but the waste steam was not dis- 
charged through a contracted orifice to give it velocity, nor \ysi8 it directed 
upwards as is now done by Mr. Stephenson, and that vertical jet of steam 
in the centre of the chimney, gives such an intensity of draft through the 
fire as was never procured before, and, with the further advantage, that the 
rapidity of draft so produced, increases whenever the engines work faster, 
and discharge more steam, just in proportion as the demand for fire and 
steam increases by that working faster. 

Is there any noise occasioned in that way ? — ^Yes; but the sound is direct- 
ed upwards by the chimney, and is not much heard in the locomotive en- 
gines on the railway when they are in the open air, but .when they pass un- 
der the bridges, the sound is reverberated down again by the arch, and then 
it sounds very loud. The noise is no great consequence there, and no particular 
pains have been taken to avoid it. The metal pipe of the chimney has 
something of the efiect of an organ-pipe or trumpet, but it is probable the 
sound might be deadened. 

Will the burning out of the plates of Mr. Hancock's boiler, that you spoke 
of, be attended with risk of explosion of the whole boiler, or only of the 
smaller divisions of the boiler? — It will be attended with no violence which 
could be called an explosion, nor with any danger whatever, but only with 
the inconvenience of disabling the carriage until the ruptured chamber is re- 
placed by another. The rupture or crack of the metal plate at the burned 
place, would let out the water and steam very gradually into the fire, and 
probably extinguish it All steam boilers burn out in that manner sooner 
or later. The difierent chambers of Mr. Hancock's boiler are kept together 
by six very strong bolts, which pass through them all, and which are 
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quite protected from the action of the fire^ to burst the boiler those bolts 
must give way altogether, and there is no adequate force ,to produce any 
such effect. 

Are you acquainted with the construction of the new steam carriage which 
started this ^^eeb from Gloucester to Cheltenham? — I ani not, further than 
that is on Mr. Curney's plan. 

Apprehension has been felt that these steam eoaches will be found to give 
great annoyance to travellers passing them on the public roads, from smoke 
and the peculiar noise from letting off the steam; do you apprehend such re- 
'aaltswill take place? — I do not anticipate any gi*eat annoyance will result 
to travellers in other carriages. I have passed Mr. Hancock's on the road 
Kveral times and Mr. Gurney'salso, and have travelled in them often; horses 
take a little notice of them when in motion, but not much, and very soon 
become accustomed to them. I once met Mr. Hancock going very quick 
along the New road, and drew up to see him* pass; I had no difficulty what- 
jtyerin making my pony stand, though rather a spirited one. Mr. Hancock 
^ i did.not observe me; and as I wished to eo with him, I turned and drove af- 
* I ter him, and after a race to overtake him, I had no difficulty in drawing 
I iloDgiBide of his steam carriage for a good way in order to speak to him, and 

St him to stop for me. The emission of hot air was very sensible, when 
llowing close alongside of the boiler ^t the hinder end^ of the carriage, 
but I did not observe any puffing of steam. 

Do you think that whatever annoyance exists in the present steam coach- 
^ may be removed by the improvement of the carriage, and particularly 
^ the appearance of the carriage? — Certainly their appearance may be improv- 
~ ed; they are most unsightly now. The general question of farther im- 
I 'provements in steam coaches depends upon the general mechanical skill and 
judgment of the mechanicians who turn their attention to the subject, and 
the peculiar experience they acquire in this particular branch of mechanics, 
bj continually practising and exercising with steam carriages, on roads of all 
kinds in all weathers, to find out their defects, and how to remedy them; 
and what is the best mode of management; also, by building new and better 
carriages as soon as they have learned what will be better than the present 
ones. But all this must be at a great pecuniary loss, and some further en- 
couragement must be held out in order to induce the more skilful mechani- 
dans to embark in such a pursuit; for, at present, it is by no means an object 
,of attention to our best and most competent engineers, because they know 
they would only 'throw away their money and time by undertaking steam 
coaches, even if they were to succeed ever so completely. The patentees 
area different class of men; they are the inventors, who have first organized 
and arrange^ the conlbination of machinery which is to be used ; and accor- 
ding to law, they have acquired a legal property in those peculiar combina- 
tions which they have discovered, that has been their encouragement and 
stimulus -to exertion; but the terms of their patent rights will be very likely 
to expire before their inventions come into use to such an extent as will re- < 
pay them their previous costs with any profit thereon; and also, with the 
present defective state of the law on the subject of patents, they will be un- 
usually lucky if they are able to make good their patents at law, in case 
their rights are contested. The patentees are not experienced mechanicians 
or engineers, and have had to learn the business of engine-making and of 
coach-making as they went on; and a greatdeal of the deficiency of the pre- 
sent steam coaches has arisen from the circumstance, that th ey have beeni 
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made by persons who were not at that time qualified to execute either a com- 
mon coach or a common steam engine; but they have acquired more skill, 
now, and we may expect more finished productions from them in fiitarel 
There is no mechanician, of the class of those who will be ultimately em* 
ployed to make the engines and machinery of steam coaches when they 
do come into use (and who alone can give that perfection of design, proportion 
and execution, which is essential to their coming into use,) who will hM 
any thing to do with them now; not so much from any doubts that thej 
would not be able to succeed in perfecting them, as from a conviction thit 
the expense of attaining success would be greater than would be repaid hj 
any advantage they could afterwards derive from making such machinei) 
in open competition with every other mechanician who chose to copy after 
their model when perfected; for that perfection of design, proportion, and 
execution, in which steam coaches are now wanting, though very laboriooi P 
and expensive of attainment, would not be grounds for exclusive privileges ? 
under the existing law of patents. The patents to the first inventors are^ ij 
the only ones which are professed to be recognised by law, though in effect 
they can scarcely ever be maintained at law. That is a very important rj 
point for the . consideration of the committee, and one which deserves P 
great attention. As the law of property in inventions now stands, when 
a new invention is advanced to such a stage that it may be considered to r 
be tolerably perfect as an invention, no further exclusive privilege can be 
maintained to compensate for the skill, labor and expense, which must be 
incurred to find out true proportions, dimensions^ weights and strength, which 
are essential to bring it to bear as a practical business. The law professes 
to give the whole to the first inventor, although he may have only laid the^ 
foundation on which another has raised the superstructure; and if> as usoallv 
happens, the claim of the first inventor is set aside, from technical inforrtalt- 
ty in his title-deeds, and also when his term expires, the whole superstruc- 
ture lapses, to the public. For these reasons, those who are the most com- 
petent to the task of giving the finishing touches of practical utility to great 
inventions, are kept back by being aware that they shall not be repaid. 
Under such circumstances, a defect of judgment would be proved a priori 
against any one who might commence such an unpromising pursuit, and 
that want of judgment «vhich could permit a man to overlook the pecuniary 
considerations, would not be favorable to his success as a mechanician, in . 
giving that precision of form and dimensions, and that practical utility, to "^ 
an invention which requires an exercise of the cooljudgment resulting from 
experience, rather than of the genius depending upon original thought. 

You do not consider the inconveniences of the present steam coaches to 
be inseparable from the invention? Certainly not; but I ido not think that 
any of the individuals at present engaged in the pursuit are the most compe- 
tent persons who could be chosen to overcome the remaining difficulties, 
being inventors, who have almost completed their parts of the task, and not 
experienced practical engineers^ into whose hands the afiair of building the 
next steam coaehes ought now to pass, under the general direction, and ad- 
vice of those inventors. If the building of steam coaches is continued in 
their hands, they will only advance towards perfection of proportion and 
execution by slow degrees, as the patentees acquire that general skill as en- 
gineers and mechanists which is already possessed by professional engineers. 

You think that the machinery may be improved by better machanists? 
I have not the least doubt of it; and yet those mechanists are not the proper 
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bpwn of genius to have invented what has been hitherto done by the 
L||lentees. 

1^ Apprehensions have been felt by trustees and surveyors of roads that 

UftAvi carriages are more injurious to roads than carriages of equal weights 

^^|l|awa by horses; what is your opinion upon that point? I should not ap- 

I iprehend that the present coaches are injurious in a greater degree than other 

^ riases of equal weights; and when steam coaches are really brought to 

r, 1 think they will be much less so than any carriage at present in use 

102 horses and the carriage they draw against engines and the carriage 

\y impel, at weight for weight. All my observation upon steam carriages 

I led me to believe that they do no particular harm to the road. I could 

fever perceive any peculiar marks that they left in their tracks, and, an ex- 

imination of the iron tire on the edges of the wheels of Mr. Hancock's car* 

ciage, shows evidently that no slipping takes place on the surftce of the 

njpid; und that fact is proved to a certainty by other observations on the 

Working of that carriage. It will be a long time before a sufficient number 

^oCtteam carriages travel over any road to bring their effect on the materials 

.^ the test of experience; but, on general principles, I have no hesitation 

J^tever in stating my opinion that they never will answer as long as they 

^44 injure the roads any more than the fair wear occasioned by the wheels of 

^I^Mr carriages of the same weight; for any injury they might do to the road 

Mgtbe by slipping of their wheels on the road, which would be a waste of 

t|p power of their engines, and hitherto they have had no power to spare; 

9r^\( their wheels are too narrow, and they cut deep into the road; the 

[mrer of the engines will be wasted. If they are to be efficiently ad- 

Ipeed, the whole power must be fairly exerted in advancing them forwards 

anpg.tne road, without turning their wheels in vain on the road, or cut. 

tiogruts in the road. I am confident that, if the wheels slip at all on the 

the roads so as to lose motion, or if they penetrate so as to make ruts, those 

coaches will not, answer, and the defects must be remedied, or the coaches 

abst be given up. I do not mean to affirm whether the present steam 

. coaches which draw other carriages after them do or do not slip on the road, 

because t have not examined them; but I am of opinion that, for the ulti- 

laate successful application of steam power, the carriages must be so con- 

krocted that they will do less injury to the roads than carriages drawn by 

' Jioraes; and whenever steam coaches become common, I think the roads 

win be most materially benefitted by the change. 

Supposing the total weight of a stage or mail coach, drawn by four horses 
tt ten miles an hour, to be two tons, and the weight of the four horses to be 
two tons, what proportion of the wear of a Macadam road would you ex- 
pect to be occasioned by the wheels of the coach, supposing them to be the 
esoal breadth of stage coach wheels, and what would be the wear by the 
bones' feet? It is impossible to fix an accurate proportion for such a ques- 
tion as that; but I have no doubt but that, weight for weight, horses' feet do 
iar more injury to a road than the wheels of a carriage, and particularly 
so at quick speeds, because wheels have a rolling action on the materials of 
the road, tending to consolidate, and the horses' feet have a scraping and 
digging action, tending to tear up the materials. One test of the wear by 
borses'^feet will be in the wearof towing paths for canals, and the railway 
roads where horses are employed. In either of those cases, the number of 
horses which pass along is so small, that no turnpike roads afford any ex 
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ample of comparison, and yet the wear of towing and railway paths is 
found to be considerable. The rapid wear of horses' shoes is another test 

It has been stated by a previous witness, that the proportion of the wear 
of a Macadam road^ under such circumstances, would be about two thirds 
by the horses, and one-third by the carriage; should you think that a fair 
approximation to the truth? I have no means of judging with such pre- 
cision, but I have no doubt whatever that, in the case above supposed, the 
wear by the horses' feet would be much greater than the wear by the 
wheels; for, independently of the difiference of the action, as before stated, 
the rapidity of the blows wherewith the horses strike down their feet, in 
stepping quickly, wears the road, and they keep their feet pressing on the 
same spot for a sensible time afterwards, which must have a far greater ef- 
feet on the materials, to wear and loosen them, than the comparatively pro- 
gressive rolling of the wheels over the road, because the latter temHn only i 
an imperceptibly short space of time on the same spot, and have a4;onsolida^ 
ing action. 

May you take the wear of horses' shoes, in proportion to that of the tire 
of the wheels, as a fair test Qf the proportionate wear of the road by each? 
No, by no means; because the pressure which the wheels exert, and which 
wears away the tire, is, under certain conditions, very beneficial to the road; 
whereas the pressure occasioned by thehorses'feetisin all cases pernicious 
On a gravelled road, which is not yet consolidate^^ the rolling action which 
causes the wear of the tire of wheels produces a great improvement of the 
road, when the treading action, which causes an equal wear of horses' shoes, 
does nothing but mischief. The harder and more solid the road becomes^ 
the less this may be apparent, because the wear of the road becomes so im-^ 
perceptible; nevertheless, I think the proportion of less wear by wheels 
than by horses' shoes, will still hold true. 

What is the average width of the tire of the wheels of steam carriages 
you have tried? Mr. Hancock's wheels are two inches and three inches 
broad; in Mr. Gurney's carriage, when he carried the load along with the 
engines, the wheels were two inches and a'half broad; but I understand he 
has widened them since he has altered his system of drawing a separate 
carriage, which is to be expected as a ^necessary consequence of the altera- 
tion. 

Do you think the machine would act with less advantage if the wheels 
were wider? That depends entirely upon the weight resting upon the 
wheels, and the sort of roads they are to run upon. I think it would be 
better for those individual carriages to use broader wheels than they had. 

If the tire of Mr. Hancock's were six inches broad, would it be an advan* 
tage or a disadvantage? I think six inches would be too wide for that 
description of carriage; about four inches I should think a suitable width for 
his wheels. Mr. Hancock's carriage is so arranged, that a greater propor- 
tion of the whole weight of the carriage is thrown upon the hinder 
wheels, to one or both of which the power of the engines is applied^ than 
upon the fore wheels: that I think is very judicious, because it ensures such 
an efiectual adhesion of the hind wheels to the road, that no slipping can 
take place. The breadth of the wheels must be so proportioned to the 
pressure that they exert on the road, that they will not indent or press in, 
to leave deep marks behind them. The actual breadth that will be suitable 
to any given weight wiU depend upon the hardness of the materials of 
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which the road is made, and roads differ very much in that respect. I 
think that in all cases the breadth of wheels which will enable the carriage 
to make the best progress, will be that which will do the least injury to 
the road, for it will be that which will occasion no disturbance of the stones 
after they have been consolidated, but will only wear away their upper 
surfaces, and the iron of the tirfe. 

You have stated that you think the bringing of these machines to perfec- 
tion is retarded, because there is not a sufficient prospect of encouragement, 
and that steam coaches are therefore confined to the hands of persons who 
have hot the same skill in practical mechanics as others, who would under- 
take the subject if adequate encouragement were offered; can you point out 
any mode by which that encouragement could be given?r-Nothing could 
do it so effectually as offering a handsome parliamentary reward for the attain- 
ment of some specified performance, such as keeping a steam coach for pas- 
aenffers regularly plying on some suitable road for two years, during which 
it should not have failed to arrive by steam more than some specified num- 
ber of timei^, and within a certain number of hours of lost time from the 
time*blll of the mail on the same road. Suppose this were done between 
LoQdon and Bistol, for a reward of 10,000/. it would cost the public no- 
thing if it were not accomplished, and the establishment of that one coach to 
carry the mail would be worth the money to the public whenever it was ac- 
eomplished; or between London and Holyhead would be still more im- 
portant, but that would require 20,000/. reward. Another pldn of more 
unmediate application would be to offer a bounty of a fair price per mile 
for carrying despatches by steam (as I suggested before) whenever they ar^- 
rived in a specified time; the price should be sufficient to pay expenses. 
That would, I think, be the best course, because I believe it would be un- 
dertaken at once by individuals, provided that no stipulations were made 
eiUier for or against carrying passengers or goods. They would be sure to 
carry passengers and goods as soon as they could, for their own profit; and 
it might be stipulated, that after any coach had earned a certain sum in 
bounty, it should not be entitled to more. . The effect of such public re- 
wards has been very striking in the case of the invention of means of ;ascer- 
taining the longitude at sea. Another way would be, instead of money, 
to give exclusive privileges for a term to any persons who should first suc« 
ceed in establishing ste^m coaches on specified roads, under specified con- 
ditions of performance; or a society offering a premium, as was done in the 
f^aae of steam navigation to* India, would have a good effect: as was also 
diown in the case of the locomotive steam carriages on the railway between 
Liverpool and Manchester. There a most inadequate premium (only 500/,} 
brought the invention forward more than ten following years of desultory. 
and unencouraged attempts woiild have done. 

You think those means would produce a great effect? — I have no doubt 
of it; an important re^lt may often be within a moderate sum of attainment, 
and yet a prudent man will not set about it. It will be certain to cost 1,000 /. 
and a year's hard labor of an engineer, whose time is worth 500 /. more, to 
make a new steam carriage in a proper manner and bring it to bear as a busi- 
ness, supposing that its performancis turns out as near to previous calculation, 
according to the experimental coaches now in existence, as can be expected,, 
and that no radical alterations require to be afterwards made in it. After 
succeeding in the attempt, he must expect to make copies of U on the same 
terms as other makers who ^ould examine one of the &rel ^o^dci^Vv^ «(stk^ 
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out, and copy it with very little trouble. The operations of competent me- 
chanicians in making first machines of ne#r invention, and bringing them to 
perfection in all their details, are necessarily more expensive than those of 
first inventors, who execute their experimental machines in a slovenly man- 
ner \fUh cheap workmanship only as experiments; but when those experi- 
ments have been gone through, an extreme soundness and accuracy of 
workmanship is the only chance of attaining success in the machines which 
are sent out for real business. For want of experience to direct the me- 
chanician as to the right form, dimensions and weig}it of each piece of hia 
machine, it often happens that, after havingiijiade a piece of expensive work, 
it will prove too slight or too heavy when set to work, and he may have 
tb make it over again as expensively. The cqpyists, who will afterwards 
Qome into competition with him when his machine is brought to bear, will 
have no such difficulties. 

You conceive that a grant of public money as a premium would call forth 
the necessary degree of skill? — ^I have no doubt of it; we have had very 
few instances of invention being stimulated by the ofier of public leward; 
hut the instances, ascertaining the longitude is a most brilliant example. 
The facility and accuracy with which the longitude is now determined at 
aea, is the result of one -of the greatest efiforts of humaagenius and presever- 
aace. The stimulus of reward has occasioned both modes of it be perfect- 
ed, viz. by astronomical observations and by time-keepers. We should very 
soon have -steam carriages brought into full use if such a reward were ofieredL 

Have you ever ascertained the duty or performance of work done in res- 
pect to the fuel consumed by locomotive engines? — ^They vary so greatly, 
that it is difficult to make a statement. The common locomotive engines 
which have been used for several years to draw coal wagons on railways, 
have remained without material improvement for a long time, and. their per- 
formance is very low, being only equal to raising about four millions pounds 
weight one foot high by the consumption of a bushel of coajs, their boilers 
evaporating about four cubic feet and a half of water into steam with each 
bushel of coals. Such engines exert six to eight-horse power. Mr. Ste- 
phenson's new quick-gqing engines on the Liverpool and Manchester rail- 
way are more improved in duty, and are in a progressive course of improve- 
ment; but as thejl^burn coke instead of cpal, the established mode of com- 
putation is inapplicable. Mr. Stephenson's small engine, called the Rocket, 
which gained the prize of 500 /. ofiered by the Liverpool and Manchester 
railway company, and which was the model for succeeding engines, exert- 
ed about six horse power during that trial, and burned 177 lbs. of coke per 
hour, which is at the rate of about five millions and a half pounds weight, 
raised one foot high by the consumption of 84 lbs. of coal; but they have 
greatly reduced the consumption of fuel in the succeeding engines on that 
railway, owing to enclosing the cylinders of the engines within the low- 
er part of the chimney, were they are kept very hot, and an increased ef- 
fect has been given to the fire by blowing the waste steam upw^nrds through 
the chimney, as I stated before. In the Kocket they were just beginning to 
be aware of the value of that expedient for animating the fire, and it was 
done in a degree, but it has been since done more completely. 

Do you know how near any part of the railroad between Manchester and 
Liverpool runs to the common road? — I cannot say; in passing along the 
railway, I do not recollect seeing the turnpike road, except crossing it se- 
reral times. 
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The noise made by the engines used on the railway is much greater than 
by the steam coaches, is it not? Yes; Mr. Hancock's coach makes less 
noise than any of Mr. Stephenson's engines; but the power exerted by the 
latter is much greater than by Mr. Hancock's engines. The quick-travel- 
ling carriage* on the Manchester and Liverpool railway, when drawn by 
the last improved engines, are extremely easy in their motion. 

Is it your opinion, that a road would suffer less injury from the fore and 
hind wheels of a steam carriage following each other, in the same tracks on 
the road, than if they run on different tracks? — ^That depends upon what 
kind of action the wheels exert on the road; if they cut it up and disturb 
the materials, by pressing down some stones so deep as to displace other 
stones sideways, and cause them to rise up at the sides of the track, then it 
IS best not to allow such wheels to cut the road twice in the same places; but 
if the fore wheels roll the road smooth on the surface, and consolidate, with* 
out disturbing the materials; that is, if they only press down the stones over 
which they pass as much as will produce a close contact, but not so much 
^s to displace the neighboring stones laterally, then I think the hinder 
wheels should follow in the tracks of the fore wheels; certainly that is t>e8t 
for the carriage; and I believe it will be found that it makes but little dif- 
ference to a good hard road whether the four wheels of a carriage follow in 
the same track or not, provided that the wheels are not loaded so as to in- 
dent deep into the solid materials of the road. All carriages ought to have 
their wheels of such a breadth that they will not leave any material inden- 
tations in the road; They should rather consolidate the materials than break 
them up. If the fore wheels are only so much • loaded, in proportion to 
their breadth and to the hardness of the road materials, that they will con- 
solidate the materials over which they have passed, then I think it is quite 
as well for the road and much easier for the carriage, that the hind wheels 
should follow in the tracks of the four wheels. The loading of the carriage 
may be so arranged that the principal weight will be borne on the hind 
wheels, and the fore wheels may (by a suitable apportionment of breadth) 
be qualified to consolidate the road in their tracks, and thus prepare the way 
for the passage of the hind wheels, with the least wear of the road and the 
greatest ease to the carriage. It is quite as much the interest of the proprie- 
tors of carriages, as of the road trusts, that the roads should not be cut up 
by too narrow wheels, for it is always at the expense of horse-labor that the 
road is thus injured, independently of the evil of having a worse road to 
travel over the nqxt time. If the wheels are too narrow for the load upon 
them, and the road materials soft, so that the wheels do print tracks in the 
road, that evil will be greater, if the hind wheels follow the fore wheels 
than if they run in new paths; but it is better to remove the evil, by using 
broader wheels or less load, or harder road materials, and to run the wheelsin 
the same tracks; because the resistance to a carriage is, in all cases, increased 
by running the wheels in different tracks, and that with little or no benefit 
to the road; particularly, when the road is covered with mud and wet dirt or 
«ndw. The above observations apply to all four wheeled carriages, whether 
*they are drawn by horses or impelled by steam; but, in common carriages, 
the horses' feet tend to dig up the road. I think the steam carriages will, 
when perfected, be free from that objection, and that they have a greater 
claim to be allowed to run their wheels in the same tracks than other car- 
riages. 

Were you ever in Mr. Hancock's carriage, when travelling? Yes; I have 
8 
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ridden on it; but he has put in larger cylinders since I went witii him the 
last time, and I understand makes better progress now. I have examined 
all his present machinery in detail, and think it very judiciously planned. 
Did you find that it frightened horses, or annoyed passengers? I have 
• stated before, that I found horses were not frightened; but every one must 
judge for himself of the degree of annoyance he experiences. Persons who 
are accustomed to travel in luxurious private carriages, would find many an- 
noyances in a common stage coach, which others would consider as excel- 
lent travelling. I am so accustomed to machinery, and to stage coach tra- 
velling and to steamboats, that I am not liable to be annoyed thereby; and 
I found riding in Mr. Hancock^s carriage to be exceedingly like travelling 
in a stage coach. I heard no complaints by passengers. I believe he has 
never found any difficulty in getting passengers, since he has run for hire^ 
^ Persons are reported to be annoyed by the smell of hot grease, in the steam 
eoaches on the Cheltenham road; I can only say, that I never observed such 
a smell in Mr. Hancock's carriage. If there are any real annoyances lo the 
passengers in particular steam coaches, they will work their own cure in a> 
>' short time, either by the proprietors finding out remedies, or else giving up 
their coaches, as they must do if they are not rendered agreeable to the pas* 
I engers. The only question that deserves attention, is, whether there is any 
danger to psssengers, or any serious annoyance to other persons not passen- 
gers. 

Did you observe any horses or carriages passing his carriage? Yes, I have 
always passed through crowds of horses and carriages with all the steam coach- 
es I have tded; there is so. much curiosity excited by the novelty of a steam 
coach in motion, that all the horses on the road are drawn up to get a sight of 
it, and many are turned to follow after it. I have observed that some horses 
take very little notice of the steam coach; others are a little startled, but I 
never saw any difficulty which the reins could not control with the great- 
est ease. Horses are easily alarmed at any thing unusual, but they very sbon 
.become accustomed to any thing, as is shown by the readiness with which 
horses can be brought to endure discharges of firearms and of artillery. A 
patent was taken out some years ago for what was called a travelling Adver- 
tiser; it was a small four-wheeled carriage, supporting an enormous octagonal 
tower, which was stuck all over the outside with printed bills for advertise-* 
ments. It was drawn very slowly through the streets by one horge, and had 
a most unusual appearance: this machine was indicted as a nuisance because 
it frightened horses. 

' Have you never observed horses to shy at a stage coach when heavily la- 
den? I have observed horses to be alarmed at the enormous bulk which 
some of the vans carry at times at a grcBt height above ground. Horses are 
the most timid animals to encounter every thing that they are not accustom- 
ed to, and the most courageous animals to encounter every thing that thej 
are accustomed to, even when really terrific, such as discharges of fire-arms. 
Had you occasion to turn any sharp corners when in Mr. Hancock's car- 
riage? Yes, many; the yard of his premises is exceedingly narrow and in- 
convenient to turn into and out from, but it is done with ease by the steam 
coach; but the same place would not do at all for a coach and four horses to, 
' put up at 

Going at what speed can you turn round a sharp corner without any dan- 
ger? I do not remember turning with any considerable speed, nor should 
it ever be attempted with any carriage if it can be avoided, and there can be 
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no pretence or necessity for going quick when turning a steam coach, as its 
power is quite controllable, in which respect it has a great advantage over a 
common carriage; for four horses at the moment of turning, are very little 
under the control of the reins, particularly the leaders, and it depends upon 
their good will whether they choose to go slow or go quick when turning. 
In a steam carriage, the conductor has such a perfccst control of the power, 
that he can never fail in checking the speed at the moment t)f turning. I 
observed that Mr. Hancock's carriage is Ulcered with the greatest ease; and 
lyili turn round in a very short space : I have seen him turn round in the 
new road to return without backing the carriage at all, although he was in 
the middle of the road when he began to turn. 

If you had turned a sharp corner, could you have stopped immediately on 
meeting a carriage? Yes; the power of stoppage is most remarkable: that 
is one of the great advantages of a steam coach. I have steered Mr. Han- 
cock's carriage myself, and found it to be most completely under control. 

The carriage may he turned in the smallest space that the wheels will per- 
mit it to go round in? Yes, in a much smaller space than a carriage with 
horses can turn, because it is so much shorter in the total length, and the 
power being completely under control, there is no danger in turning quite 
short; whereas no prudent driver will turn a four-horse coach round in a 
road, without the guard getting down and holding the leaders' heads; for 
they are not sufficiently under the control of the reins in turning to do it 
with safety. 

Did you ever see a steam carriage going down a hill? Yes, down the hill of 
the new road at Islin'y;ton; and it was done with more safety than with any 
carriage with four horses; but I do not contemplate the descent of steam 
coaches down very steep hills, for that supposes their getting up such hills, 
which is not likely to be accomplished soon, and the present coaches seem 
to me to be only fit for our most improved lines of roads, where all verj 
steep hills have been reduced to moderate slopes. 

Have you turned your attention particularly to the subject of going up 
steep hills, and what ascent do you think can be surmounted? In forminc 
my opinion of the probability that steam carriages will be brought to bear, I 
eould not overlook the circumstance that they would have to go up and down 
hills; but most of our great lines ofroads are now so improved, that what were 
formerly called steep hills are not very numerous or frequent; butAvherever 
tHey do occur, I propose to give the steam coach the assistance of a pair of 
post-horses in aid of its own power. In going down hill, steam coaches are 
very safe, because the whole power can be enectually exerted to retard or 
resist the turning of the wheels. 

Mr. Gurney's steam coj^ch has gone up Highgate hill without horses? Yes, 
but I understood that it yvas broken in pieces in coming down again. My 
objection to attempting to make a steam coach go up a steep hill, in the pre- 
sent state of our knowledge, is, that it requires to have a great strength, and 
consequent weight of machinery to have a sufficient power to do so with 
safety, and which weight is a useless incumbrance and impediment to pro- 
gression at all other times. The question is, whether all the machinery of 
a steam carriage should be made twice as strong and heavy as is necessary 
for impelling it with safety on a tolerable level road, merely that it may have 
power within itself for going up a few occasional hills, or whether it is better 
to make the machinery lighter, and take the occasional assistance of a pair of 
post-horses? There can be no objection to the latter expedient, except the 
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expense of such horses; and as the steam coach can carry goods to profit in 
place of all the weight of machinery which is saved by making it lighter, I 
think that the aid of post-horses would be an economy. In forming such an 
opinion, I follow a maxim which I had always found to hold true; viz. that 
steam power is certain to be more profitable than hordes, if the work is to be 
kept constantly going on, because then the great advantage of steam powery 
(hat it does not tire, becomes fully available; and to perform the same ser* 
yice by horses, a very great number must be kept for change; but for busi* 
•nesses, which require only occasional working, or for working during on- 
ly as many hours each day as horses can do without changing, steam power 
loses its great advantage over horses, and in some cases they will do the 
work cheaper. One great item of the expense of steam power is the first 
cost of machinery and engineers' wages, both which would be only the same 
for working twelve hours per day as for one hour and a half, which is the 
utmost that a stage coach horse can draw at ten miles an hour. A steam 
coach should work twelve or fourteen hours in every twenty-four hours, to 
gain the full advantage of the system of steam power over horse labor; the in* 
tervening tenor twelve hours will allow ample time for putting every thing 
in perfect order for the next journey^ if the machinery is what it ought to be, 
and there should be a spare coach for every two which are running, to al- 
low time for more considerable repairs : hence, I reckon that three steam 
coaches should keep up a double passage of 100 or 120 miles a day continu- 
rily. Expensive machinery, which is only to be worked occasionally, will 
not, in some cases, do work so cheap as it can be done by men or by horses 
without machinery; and that I conceive to be the cas^ with the extra cost, 
weight, strength and complication which must be given to the machinery of 
a steam coach, in order to enable it to go safely up steep hills without assis- 
tance. I apply these remarks to the present steam coaches, but future im- 
provements may in time produce that species of machinery which will efiect 
the going up hill with less difficulty than the present It has been supposed 
that the diameters of th« cylinders being larger than is necessary for going 
on level ground, they could be worked with a diminished strength of steam 
to go on level ground, and stronger steam when going up hill. To get up 
ordinary and moderate hills, that is certainly the right plan; but it requires 
the strength of all the moving parts of the engines to be made sufficient to 
bear the utmost force that the pistons can exert when impelled by the strong- 
steam that is ever to be used; also, the large wheels which run upon the road 
should be made very broad on the edges, and of proportionate strength. The 
present coaches have been faulty in these respects, and yet the machinery is 
too heavy. Another way of getting sufficient power to go up hill, is to have 
the pistons only a suitable size for going along the ordinary road, and to in- 
troduce wheel-work, which can be thrown into Jbtion when a hill is to be. 
ascended, and which will turn the wheels of the carriage round only once 
for three turns of the cranks of the engine, and consequently with a triple 
force. Mr. Hancock has shown me the parts of such machinery which he 
is now making for a new steam coach, with wheel-work and endless chains, 
on a plan which I think very likely to answer for ascending moderate hilisj 
but for very steep hills, I think it is desirable to have a help by post-horses. 
The immediate desideratum is, to construct a steam coach with the power 
and strength necessary to go quickly and safely along the best lines of road 
which can be found, without any steep hills upon them, and taking as^stance 
of post-horses where it is necessary. If that is accomplished, and such a 



[ Doc. No. 101. 3 ei 

coach 18 worked continually for two or three years, it would probably lead 
to the knowledge of the proper kind of machinery to go up steeper hills; but 
if the adoption of steam coaches is to wait until they are rendered much more 
perfect, it will be a very long time, because practice is essential to finding 
out a proper plan. 

Do you think there is any danger in going down a hill in a steam carriage? 
Much less than in a common stage coach; for, by backing the engines, so that 
their power is brought to an act in opposition to the turning round of the 
wheels, and with the assistance of drags or brakes, rub on the rims of thfe 
wheels, and aid in retarding their motion by friction, steam coaches will 
safely get down all moderate hills, such as are met with on our best lines 
of turnpike roads, say between London and Holyhead; and with machinery 
such as Mr. Hancock is now making, if it is Buitably proportioned, I expect 
a steam coach would not require assistance to get up hill at more than five 
or six places between London and Holyhead. 

Stanmore and Highgate hill you call moderate hills?— Not the old High- 
gate hill; but the" Archway is a very fair road, on which a steam coach 
should not feel the least difficulty. I do not call those moderate hills which 
are common on the roads in many parts of Devonshire and Cornwall; it will 
be a long time before steam coaches will be able to travel there; and the 
goodness of the roads is to be considered as well as the slope. No steam 
coach thsit I have seen, possesses that strength and weight of machinery 
which, being on the present construction, will enable it to get up even a 
moderate hill without risk of breaking; for, though it may climb up the hill 
by accumulating the strength of the steam, the parts have not been made 
strong enough to resist the strain to which they are then subjected, if they 
were frequently used; and if the work were made, on the present plan, 
strong enough to endure the extra strain of getting up a steep hill with safe- 
ty, there would be too much weight of machinery for travelling on the or« 
dinary road. ' 

Can they ascend a hill so steep as one in eighteen? — ^That I think is too 
much for them, without the aid of horses, unless the surface of the road 
were of the very best quality; but such hills are usually bad roads. 

Are they competent to ascend a such hill as St. James's street? — I have not a 
very particular recollection of the slope of that hill, but I believe it is . 
paved, and I think that it would be about their maximum; for a great deal 
would depend upon the surface of the road. They would go up all the length 
of Regent street, which is, I expect, almost as steep as St James's, but it is 
a better surface; and I think they should go up any eood road not exceed* 
ing a rise of one in thirty; and if more inclined, or if the road is bad, they 
should be allowed one or two horses. I doubt if they could ascend the 
Pentonville hill in its present shameful state of neglect; but if it is made 
good, then I think they might. 

Have you turned your attention to the subject of apportioning the tolls 
on steam carriages, so that they may bear their due proportion to the tolls 
on carriages drawn by horses? No, I have not paid much attention thereto; 
it is a subject which would require more consideration and more data than 
I have before me. I am convinced that if a steam coach, complete when 
travelling, weighs no more on an average than a stage coach with its four 
horslss complete weighs on an average, there is no reason for charging any 
extra toll for steam coaches, but, on the contrary, I believe it will tuvci <^^ 
in the sequelthat they ought to go for less UA\, \»ec^\X!6^ ^^^ MiiiX'^^'^ ^^ 
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roads less than the present coaches whenever they are made really efficient; 
and, in the mean time, until that is accomplished, I think it may be very 
safely left to the chance of events as to injuring the roads to any extent 
whatever, by injudicious attempts to work steam coaches of an injurious 
construction, on the consideration that if any new coach which may be 
tarted, does injure the road, it will be very soon given up from its own de* 
merits, probably before it has produced any visible effect on the road- 
Suppose Its wheels were to slip so much as to plough out ruts on the road, 
t would most likely stick fast, or be broken to pieces in the first journey 
along the road, and such abortive attempts will not be repeated very fre- 
quently. It is idle to talk of one or two steam carriages doing much visi* 
ble injury to a frequented road in a year or two, even if they run constant- 
ly, for, suppose that it wears the road four or five times as much as one carri- 
age of the same weight drawn by horses (including those horses in the 
weight,) it would only be equivalent to four or five additional coaches pas* 
sing each day, and that on the road from London to Birmingham, for in- 
stance, would be quite imperceptible. I am confident that any steam coach 
which does a road any greater damage than equivalent to carriages drawn 
by horses, will fail of itself in a short time, and prove an unsuccessful pro- 
ject. I should strongly recommend the new system to be left to its own 
chance of success or failure, as far as the roads and the safety of passengers 
are concerned; and I think the same reasoning applies against any lisgulation 
for the breadth of the wheels for steam carriages, because they will not per- 
form well if their wheels are so narrow as to cut the road materially. I 
understand that the old system of regulations and penalties, as to over weights 
on given breadths of wheels for common carriages, has been done away 
with on the roads in an extensive district round London, and I think that 
it is good policy, from the circumstance that the proportion regulates itself 
by the interest of the owners of carriages, when the fact is understood that 
carriage wheels, which are too narrow in proportion to the load on them, and 
to the hardness and goodness of the road, will always draw heavier than 
wheels of a suitable breadth; and that, though the carriers may not find out 
the proper breadth at once, they will do so in the end. The old acts for 
forcing the use of very broad wheels by making tolls operate as penalties 
and premium, was a most injudicious system of legislation, and did nothing but 
harm; the carriers soon found out how to evade the intention of the act, by 
using very broad conical or barrelled whells^ rounding on the edges, which 
conformed to the words of the law, but which acted on the road like 
narrow wheels. The broad wheels intended to have been encouragec^ 
by the old act of Parliament, were expected to act as rollers to make and 
improve the roads, and were encouraged to carry excessive loads for that 
object; but if the wheels of the broad wheeled wagons actually used had 
been really such as the Legislature contemplated, they could not have 
been continued in use on account of the great increase of draft; but the 
&road wheels actually used, carried such loads, that they crush the road 
materials to powder, owing to the conical form of the wheels and the 
bending of the axletrees; they bore on the road almost wholly at the 
inner edges of the iron tires, and not across all their breadth, as was intend.- 
ed. The advantage to the carriers in tolls, and in increased loads, induced 
them to use such broad wheels, when it would have been against their in- 
terest to have done so, if they had paid the same tolla for the weight of 
goods as other carriers, and their operation ou the road was more injurious 
t/iaa any other carriages. There is no particular \)rea4\iv ol yiYi^^V^ viVvkli 
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can be prescribed as the best to carry given loads over all sorts of roads, for 
much depends upon the hardness of the road materials, the size to which 
the pieces are broken, their general form and disposition to consolidate into 
a hard bed the resistance the materials offer to wet and frost, and to wear- 
ing by the wheels, the breadth of the wheels, and the load upon them, 
should be adapted to all the combinations of circumstances, and the carrier 
will soon find, if his wheels are not best adapted to the road, by the draft 
being greater than it ought to be. As to steam coaches, the wear which 
will take place on roads, from all that can, by any probability, be expected 
to be brought into use for some years, will be so small that it cannot be felt 
for a considerable period, and when it is felt it, will be time to look round 
and see what is the real effect on the roads of those particular coaches which 
are in use, and apportion the tolls that they ought to pay. 

I^ it your opinion that weight for weight, including the weight of horses 
on one hand, and of engines and an average of the water and fuel on the 
other, the tolls should be the same on steam carriages as on horse-drawn 
carriages? I think that if it were so, it would prove a considerable advan- 
tage to the roads, because, as I have stated before, I think the roads will be 
considerably benefitted by tlie change of impelling by steam instead of by 
horses. I think it will be a great public benefit when steam coaches come 
into common use, and hence that it is expedient that a moderate bounty should 
be offered for the adoption of steam carriages, by giving them all possible 
advantaf2;e they can have without trenching on the interests of individuals; 
and if they were allowed to run toll free, and duty free, until a certain 
number.were in use, or during a certain time, it would much accelerate 
their introduction, because it would diminish the loss that must necessarily 
be incurred by running them before they are perfected in^their construction. 
Sn)all encouragements or discouragements have a considerable effect on new 
inventions in their infant and imperfect state. The advantage to the public 
from steam navigation is now generally acknowledged; but when steam- 
boats were in their infancy, an attempt was made by the watermen on the 
Thames to suppres.** them, by contending that, according to their charter, 
and the usage of the city of London, no persons could be allowed to own a 
vessel plying for passengers on the Thames, nor to work on board of such 
a vessel, except they were freemen of the city, and belonging to the wa- 
termen's chest. This would have effectually prevented any engine men 
being employed, and, in addition, the watermen engaged all their members 
to refuse to navigate them. After a long dispute and delay of the steam- 
boats, it was decided that one out of a number of owners being free waf 
sujQicient, and that the men employed to manage the engines were not sub- 
ject to the watermen's regulations of freedom of the river; some watermen 
were induced, by giving them small shares in lieu of wages, to exercise 
their right of freedom in favor of the real owners, and to navigate the ve»- 
- sel. It was afterwards attempted to get the measurement and calculation 
for the registered tonnage of the steam vessels made according to the extreme 
breadth across the projecting boxes which contain paddle wheels, under the 
pretext that they occupied that width in the river and in harbors, instead of 
measuring the breadth of the vessel at tlie surface of the water. If that 
could have been enforced, it would have nearly doubled all the rates on steam 
vessels compared with other vessels; but the subject being brought before 
Parliament, an act was passed to give them the advantage of deducting as 
Biucli from the length of the vessel as is occupied by engines and machinery 
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in calculating the registered tonnage. This was in effect a small bounty 
upon steam vessels, for they have no claim to such an advantage over sailing 
vessels, when the weight of masts, sails and rigging, in the latter is not de* 
ducted in calculating their tonnage. The effect of that measure has been 
favorable to the advancement of steam navigation, for though it was but a 
very trifling bounty, and is now of no consequence, it came as a well-timed 
aid, at the date when that act passed, because almost all steam vessels were 
then navigated at a loss, they were so imperfect (like steam coaches at the 

E resent day,) that their engines were continually getting out of order, where* 
y they failed to make their passages, apd required expensive reparations, 
their consumption of fuel was great, and the wear of boiler excessive. On 
the other hand, few passengers would go by them at firsthand some terrible 
accidents which happened in a few vessels caused them all to be avoided by 
passengers for a long time* It was only by persisting in keeping them going 
as well as they could, and thereby gaining experience in their management, 
that the numerous defects of their construction were remedied. Most of the 
earliest steamboats had two or three successive editions of engines and mi|- 
ehinery before they were rendered so perfect as to become profitable; and, 
in addition to the expenses of such alterations and improvements in the ma^ 
ehinery, they were obliged to make their passages regularly for some time 
after they were rendered tolerably effective before they acquired sufficient 
confidence with the public as to their safety and punctuality^, to enable them 
to obtain as many passengers as would pay the expenses of navigating the 
vessels. For all these reasons, any increase of their expenses was severely 
feit, at that losing period; many were abandoned, and the difference in the 
expenses occasioned by the rates to which vessels are liable, being calculated 
according to the breath across the paddle-wheels, or according to the act 
passed ibr measuring them short by all the space taken up by the engines, 
would have occasioned others which have been brought to bear to have been 
given up, before they had attained so much perfection as to enable them to 
earn their expenses. In the same manner the tolls levied upoi\ steam coaches 
at present are to be regarded, not as payments out of the profits of a gainful 
trade, but as an increaf>e of loss upon that which is yet, and which must in- 
evitably continue to be for some time, a losing business. The ultimate suc- 
cess to which I look forward is entirely dependent on the circumstance of 
the first speculators in steam coaches being enabled to go through a sufficient 
term of inefficient performance, and consequent loss, to acquire experience 
in the new business; and that experience will, no doubt, lead to expensive 
alterations and reconstructions of their machinery. There is so much me- 
chanical talent to be had for money, that I have no doubt of the final accom- 
plishment, if the attempts now making are continued long enough; because 
I am confident that there is (as was the case in steamboats) a real efficacy 
in the principle of action. The general opinion of engineers was not very 
favorable to steamboats when they were first brought forward as a novelty;, 
many doubted if they could eyer be made to perform well, particularly at 
lea; and others, who foresaw the possibility of that, doubted whether they 
would answer in point of expense of fuel, and wear and tear of engines and 
boilers. If no assistance or encouragement is given to new inventions when 
they are in the infant state which steam coaches are now in, persons who 
find that they only lose money when they expected to gain, by being the 
first to adopt the improvements, are liable to become disheariened, and give 
4ip the pursuit too precipitately, whereby their undertaking dies a natural 
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death; and that is sometimes the case when it might have been established 
by another two or three weeks' continuance of the eflforts; and that contin* 
nance might be induced by some small relief, like the reduction which was 
made by Parliament in the register tonnage of steam vessels, or the taking 
off of tolls from the earliest st^am coaches. If by any means they are 
enabled to go on till the proper plan of machinery and management is found 
out| Ihey will afterwards keep their ground, because the profit of working 
by steam in lieu of horses will be very great. The present steam coaches 
ire mere experiments, and the next editions of each plan of them will, I 
expect, be losing concerns, and will continue so to be for some time. Under 
those circumstances, every small increase of their expenses is a real retarda- 
tion to that practical establishment of the invention which will render it 
useful to the public; such retardation by small causes is operative to a greater 
extent than can easily be conceived. Steam coaches will very well bear 
ail tolls and taxes to which other coaches are subject, when they are able to 
eury passengers regularly and profitably; but they want encouragement 
now, instead of difficulties being thrown in their way. As to the right of 
tolls on turnpike roads, it should be recollected that turnpike roads are not 
property, 'like canals, but trusts, to be exercised for the benefit of the public; 
lad if it is for the interest of the public that 9team coaches should be brought' 
iDto use, and if that bringing into use will be accelerated by suspending the 
tolls on them at first, the trustees of roads ought not to object to such an 
tmngement The real amount of tolls they will forego, will be an exceed- 
ingly small per centage on the income of their tolls; for so long as steam 
toiehes are losing concerns, they cannot be very numerous. 

In the course of your examination, have you meant to confine your evi- 
dence to steam coaches? Yes^ to steam coaches for public conveyance of 
pissengers and parcels in the manner of stage coaches, and travelling at the 
titeof ten miles an hour on our best lines of turnpike roads, with occasional 
iMlfltance of one or two post-horses, where necessary, to surmount unusual 
hilb or very bad pieces of new laid road. If it were thought admissible to 
begin with travelling at a less speed than that, and to carry goods only in the 
minner of vans, the thing is nearer to accomplishment, because the accom- 
modation and comfort of passengers would then be out of the question; and 
liio the violence to which quick travelling carriages are subjected, requires 
t greater strength of all the parts than would be necessary to carry the same 
Weight at a slower speed. In other respects, steam power will propel a 
W'iage as cheaply at a quick rate as at a slower rate. That fact is proved on 
nilways^ in actual business; and steam coaches will be the same whenever 
they can be made strong enough to bear quick motion without being over* 
loided with weight of machinery. That will be one of their great ad- 
vintages over horse labor, which becomes more and more expensive as the 
ipeed is increased. There is every reason to expect, that, in the end, the 
nte of travelling by steam will be much quicker than the utmost speed of 
travelling by horses; in short, that safety to travellers will become the limit 
to speed, as is now the case on railways. 

What is your opinion as to impelling wagons by steam? I have never 
considei'ed that at all in detail, and am not prepared to give evidence upon 
the subject. The price of carrying passengers or goods at a quick speed, as 
li done by stage coaches or vans, will always be so much higher than the 
prices of carrying an equal weight at a slow speed, as is done by wagons, 
that I see no inducement to attempt steam wagons, which I think would 

9 
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which are only adapted for slow motion, do not work to so grnit an adn^ \ 
tage when they are urged to work quick as when they are worked at or 
low the speed which the proportions of their parts are adapted to 
with; nevertheless, that extra expense of going quick by steam power viil 
be but small, and nothing like the increased cost of travelling quick will' 
horses; for horses have only a limited speed at which they can travdi if^ 
they have no load to carry or drag after them, the whole of their nauseuliii 
strength being then required to advance the weight of their own bodies. Tkl 
speed with which stage coaches now travel, approaches so near to thespcel^ 
with which the horse could travel without any load, that their force tf| 
draught becomes very small. In all cases, horses lose force of draught ia 
much greater proportion than they gain speed, and hence the work they if^ 
becomes more expensive as they go quicker. The quickest stage coaclM| 
travelling is now at the rate of eleven miles an hour, and that appears to bt 
very near to the utmost limits which nature has prescribed for animal exe^ 
tion; for those horses reauire renewal of the whole stock every two or thm^ 
years. This is a comparison of steam power and horse labor, during thi^ 
time that each is actually in operation; but the real difference between thttj 
performance of a steam engine and that of a set of horses will be found to, 
be very great, when it is considered, that, by having one spare steam coach, 
for every two or three which are on the road, those coaches can travel can* 
tinually all the year round, during fourteen or fifteen hours in every twenty*, 
four hours, without any intermission, except stopping for one ortwomvi, 
nutes to take in water at every stage of about seven or eight miles; and this 
each steam coach can travel 140 or 150 miles a day; whereas a set of four 
stage coach horses can only work during seven hours and a half out ot 
every twenty-four hours, or each horse can run fifteen miles a day, and that 
exertion wears them out very soon. A cart-horse, travelling at the rate of 
two miles and a half an hour can work during eight hours out of every 
twenty.four hours, or he can travel 20 miles in a day. Suppose that in botlk 
cases, of horses going ten miles an hour or only two miles and a half an 
hour, the force of traction was the same during the time that they were 
actually drawing; even on that supposition, there would be the differencft 
between twenty miles a day and fifteen miles a day in favor of slow travels 
ling; but in considering the work performed, the great loss in the force of 
draught by quick travelling must be taken into account; and it will be found 
that a cart-horse walking at two miles and a half an hour, could draw with a 
force of traction lOOlbs. on an average, but that a stage coach horse, runningat 
ten miles an hour, cannot exert more than 28lbs. force of traction at an aver* 
age. The above proportion of distance travelled, and force of traction ex* 
erted in each case being combined into one product, the portion will stand 
thus: 20 miles a day x lOOlbs. draughts 20,000, to represent the^ork done 
by a horse travelling at the rate of two miles and a half an hour, and 15 miles 
a day x28lbs. draught=s420 to represent the work done by a horse traveU 
ling at the rate of ten miles an hour, which is 4| to 1 in favor of a slow 
speed; when with steam power there would be only a very slight differenca 
of performance at the quick or the slow speed. 

Respecting the injury done to the roads by heavy carriages, whether 
they are drawn by horses or impelled by steam power, you consider that 
weight for weight (including horses and engines as part of the weight) the 
one will not do more injury to the road than the other? In my opinion, the 
steam carriages will do the least injury of the. two. The horses, by tread- 
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;-with their feet, excavate and scrape out depressions in the surface of the 
id, that is paHicuIarly the case before the road materials are consolidated 
a solid mass; and the evil of depressions or holes in the road is not 
\ merely injury done by the feet of the horses to those particular parts of the 
id in which the depressions are made, but the wheels of other carriages 
lieh pass over such depressions^ drop heavily with force in to them, so as 
make the (jjepressions continually deeper and larger, and to loosen the 
rounding stones. In this manner the horses after injuring the road them- 
veSi prepare the way for further injury to the road by the wheels of 
Tiages. For to have the full benefit of the rolling action of the wheels 
consolidating the road materials, the latter must be laid smooth and level 
bre the wheels come upon them; but if the materials are previously 
own up into little hills and holes, the wheels will do mischief instead of 
nL 

iuppoae the engine and machinery in a steam carriage to weigh two tons, 
i\o be able to advance an additional load, equal to their own weight 
Rg a good road, at an average speed of ten miles an hour, do you think 
A' any a^^ditional toll should be imposed upon steam carriages be- 
ad that paid by four horse stage coaches, or vans; assuming the four 
nea to weigh two tons, and to draw a load of two tons, at the rate of ten 
iks an hour? In such a case, I can see no reason whatever for any increase 
toll; but the diminished wear of the roads, which I anticipate from the 
It- of steam in lieu of horses, will be a reason for a reduction of tolla 
ianiever such a diminution of wear is realized. 

Would horses drawing 80 cwt upon a road, with a slow walking pace, in 
Mr opinion, do more injury to the road than an engine doing the same 
vA? I have had no experience of drawing heavy weights by steam to en- 
Ulme to form an opinion respecting the effect that the broad wheels^ 
Meh must then be used, would have on the road, and what advancing 
Mier they would have before they began to slip on the road, without ad- 
■ieing the carriage forwards; nor what would be the weight of engines 
^iUk could advance 80 cwt at a slow speed. I feel some doubt of the 

Ksability of making steam engines advance so many times their own 
ty as I expect it would be, with effect, and I feel confident that, in tha 
IXaat state of the art, there would' be no profit in doing it; but if it were 
teniplished, I believe that the broad wheels of the steam wagon would 
*I6 injurjT to the road, whereas, in heavy wagons drawn slowly by 
Mtif the horses do far much more injury by digging and scraping with 
^'rfeet than is done by the horse in coaches and vans travelling quickly ( 
Wiethe wagon horses having a heavy pull to take must choose places 
^ibe road where they can place their feet in depressions, in order to gel 
id; hence; on a good smooth road they slip and scrape up the surface. 



FeneriSf 12° die Auguatiy 1831. 

Mr. Richard Trevithick^ called in, and examined. 

Have you been long conversant with steam engines? Twenty-six years 
D.I invented a high pressure steam engine and a locomotive engine, and 
loe that time Boulton and Watt's engines have been thrown aside in Corn* 
lll,and theihigh pressure steam engines, with the improvements upon the 
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boilers I have made, have been throwing Boulton and Watts's engines eoD- 
stantly out of use, there is not one of those now in use in the mines. Th 
average of the duty of Boulton and Watts's engines, about twenty years ago 
was taken by Mr. Gilbert, which gave, perhaps, about seventeen millions o 

Sounds, lifted a foot high with a bushel of coals; and sometime after thit; 
Ir. Gilbert made a report in the transactions of the Royal Society, thath 
had found one of my high pressure engines in Cornwall was doing seventy 
five millions; and, in the same report, he stated that they were doing neirl] 
as seven to twenty-eight, or four to one, and as ten to one on the atmospheri 

eneines. 

Have you lately paid attention to steam carriages on common roads? 
have noticed the steam earriages very much; I have been abroad for a |^ 
many years, and had nothing to do with them until lately, 'but I have iti 
contemplation to do a great deal on common roads; railroads are useful fi 
speed, and for the sake of safety, but not otherwise: every purpose would! 
answered by steam on common roads. 

Is your machine applicable to steam carriages? It is chiefly fojr that pc 
pose, it works without water; now the Manchester carriages us{ four toni 
day, two tuns that they take in when they start, and two they take in mi 
way of their journey; there is that weight to carry, and the loss of time. 

You conceive steam carriages to be applicable to common purposes.' Y< 
to every purpose a horse *can effect. 

Have you any plan particularly applicable to that purpose? Yes, I ha 
taken out a patent for that purpose. This, the plan which I produce, (p 
ducing the samcyj will show the principle. I built a twenty horse engi 
in Cornwall, in order to try this: this I produce is for a ship engine. [Jk 
Trevithick explained to the committee the different parts of the machi 
on the plan.'] The bursting of boilers has been occasioned by. the boik 
being left under gauge, neglected to be charged with water, and, I believ 
by their getting foul and incrusting with salt from using salt water; thek 

Eressure engines have burst as well as the high pressure; if the tubes of t 
oilers are heated-red hot, and the engine is standing at the time water 
still in, the boiler is quiet; but on the engine setting to work, a discharge 
steam fron> the boiler to the cylinder causes a great ebullition in the boilt 
and the water splashing over the hot sides make a superabundant genei 
tion of steam. The space that would be filled instantaneously from the li 
tubes being suddenly cooled, the space occupied by that supq^abuodar 
woukl fill three hundred times the space usually allowed for steam, anc 
safety valve of five times the size would give no relief, or not in time; 
proof that a high pressure steam' engine boiler has not been broken gei 
rally by the pressure of the high steam, but from being heated, is because t 
portable gasholders are about ten inches diameter, and the sixteonth of 
inch thick, and they are charged with 30 atmospheres, or 450 lbs. ea 
without accident; an accident never happens to them, and the pressure 
not so great as on half of the strength of iron; the boilers of steam < 
gines in Cornwall have burst that have not been loaded to an eighth part 
that pressure for the same substance and size of boilers. Therefore, that i 
proof that they must have been broken by the heating of the boiler, and s 
denly cooling itby a sudden expansion. The gas holders have never been he 
ed, and have never been injured. I have known instances whereby turn 
cold water into a red-hot boiler they have exploded. An engine I had 
eare of was injured by neglect of one of the enginemen in that way. 1 
lioilera to the high pressure steam engines oa my construction are cylindi 
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one in the others the inner cylinder containing fire^ and the outer cylinder 
surrounds the water, and leaves a space of about a foot between the two 
tubes for water. Where they have been neglected the fire tube has been 
made red-hot, and the splashing of water over the hot tube from the ebulli- 
tion occasioned by the escape of steam, has burst the boiler by the water 
flowing over the red hot sides, and generating steam faster than it can be 
discharged. 

By negfected you mean that the tubes were not cotnpletely covered with 
water? They are not covered with water. With my inferential engine^ 
that never can be the case. 

Have the goodness to state to the committee your opinion with respect to 
the wear of the road by steam carriages? I think that the roads will not be 
Injured so ntuch by steam carriages in future as they have been, because 
there will be no need to chain the wheels; by putting the valve to the stop, 
the steam going off that has never yet been applied, there is no need to chain 
the wheel. That is very easily done; if the steam is prevented escaping, the 
/ piston must stand still, and it can be let down as gently as possible; they 
may either stop instantly or go as easily as they please; the throttle barrel 
will an^er the purpose to throttle between the cylinder and the dis- ' 
charge pipe; that would be saving of the roads. 

Have you made any observation on the injury done to the road by a car- 
riage propelled not in the usual manner, but by a motion communicated to 
its wheels? I think the roads would be less injured by steam carriages thiMi,. 
by horses, because the wheels will have very little more to carry now tljaa . 
they have with horses, and there are no horses' feet to injure the road: theie- 
' forethatpart of it issaved; the engines now will be so very light that ijt 
i i will be scarcely felt. The power to draw the carriage will be very little moi;^ 
t than the weight of harness on.the horses. 

» Would you be inclined, for the advantage of the road, to give greater 
width to wheels if you give greater velocity? I would rather give greats . 
^ width; I do not think the road is injured so much; there is less friction. }£ i 
a twd inch wheel goes two inches deep, and a four inch wheel goes onj^ 
one inch deep, there is two to one difference in the friction, for the ascent 
in getting up out of a two inch rut requires a great deal more friction. iThe 
wider the wheels, in my opinion, though the greater extent the less frictiob; 
they use wide wheels to go over soft ground on farms to prevent their sink- 
ing; there is a great friction, for it is always going down hill, and the friction 
' is puUftg it up hill. There is a power thrown away, but that would not havit 
been the case with a wider wheel. 

Do you think for a greater weight with a great velocity of carriage, you 
could put wheels so wide that instead of doing injury, they should do good 
to th^ ^oad? Yes; I think if the wheels had been as wide as they ought to 
have been to take the advantage of ease, they would rather have done a 
service to the road than an injury, that is, to settle down the road; but the 
greatest folly I have ever seen is the wide wagon wheels which go free of 
turnpike duty: one part is nine feet round and the other part not above se- 
ven and a half or eight feet, one part is going faster than the other, and the 
one part must rub; had the wheel been upright, and it was turned off, the 
point only would meet, but it would not be rubbing. 

There is a particular width of wheel in which no injury will be done 

to the road^ but rather good? It will be rather good after the road has been 

I mended to settle it down; there will be wear in it as at other times; but in 
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certain states of the roads, to settle them down, they will doing good, bat at 
no state of the road could it do good with narrow wheels. 

What would be the effect when the road was once settled? You see very 
often roads which have been gravelled ; in dry weather the dust blows away; 
they can never settle again, but if the broad wheels passed over tof crush it 
over with the dust, it would settle down much firmer; but the narrow wheels 
slide so easy through^ that they sink down, and shove them on eayh side. 

Is there any state of the road in which you think a wide wheel would do 
injury to the road? No; there is no state of the road in which widje wheeli 
will do an injury; if there was to be a wheel of an inch in diameter instead 
of six inches, it would be like a stamping wheel cutting the road constant- 
ly, but the width of the wheel takes off that: the tenacity of stone is equal., 
tc the weight. 

Does not the whole of this refer to wheels that are cylindrical and the 
axles horizontal? Yes, they ought to be straight; that is, the very wheel 
which I want for a steam carriage with straight axles. 

Is not the road injured in two ways by the wear of it, and by the sepann 
tioti of the materials? The separation of the materials is not so lljsely to 
takes place with wide wheels as with narrow. 

That is the reason why narrow wheels injure the roads more than wide 
wheels? Yes; and there is a much greater weight upon one pebble than is 
thfown on two or three; double the weight is thrown on one 'pebble than 
Woiild otherwise be; then that pebble is crushed; for the stone does not bear 
Btroiigly enough together to resist it 

For this reason, the operation of horses' shoes must be much more injiN 
ribus than that of broad wheels? Yes; they are more likely to break tha 
hacM stones than a dead weight I think the horses^ feet much more likci^ 

There are certain states of the roads in which the widths of the wheel 
would occasion your losing power, are there not? No^ I think not, I havia 
heard that mentioned, but I think it is not so. 

Is there any slipping or sliding in the wheel of the steam carriage? When 
the trial for the premium given on the Manchester railway was decided, thcf 
engines ran for a certain time, and the strokes were counted, and the disi^ 
tance was measured, and there were remarks made upon that day's peform- 
•nee: they found, by measuring the periphery of the wheel, the number of 
the strokes made, and the distance run, that there was not the least V£y*iatiQD 
whatever: they could find no difference. 

Was not that on a railroad? Yes. 

The cylindrical wheel, with the horizontal axle, is the best for the road? 
Yes. • 

Is there not much less likelihood to slip on a common road, than* on as 
iron railroad? Yes. 

Suppose there are sharp ascents upon a common road, how would that ap- 
ply? There is no ascent that any common carriages go over, where the 
steam carriage will not go down the hill with one wheel chained; no road 
in the neighborhood of London that they would not run down with one 
wheel chained; that is, only one quarter part of the weight of the carriage, 
if the wheel is chained. If you are drawing up hill with two or four wheels 
driven by an engine, by their all turning round, they are as likefy to go up 
hill. One wheel ought to put it up hill. It will go up a hill of double that 
ascent without slipping. 
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Will the increasing breadth of the wheel render sh'pping in ascending a 
hill more or less likely to take place? I rather think that will increase the 
frictiotiy because that does not tend to make a rut In making a rut, there is 
a very great difficulty in the wheel getting out of that rut., for there is no 
footing; but where it does not sink, that is not the case. 

Supposing the width of the wheel to be the same on a carriage and a 
^iteam engine, and the weight of the carriage the same, do you consider that 
a wheel perfectly cylindrical, with a horizontal axle, preferable to a wheel 
dished like that of a cpmmon stage coach, with a common axle? You can* 
not have a dished w;heel to a great width, without its dragging as I have 
described, unless you alter the system. If you keep the present dish, you 
must have a narrow wheel, or it is rubbing; but if it is a straight axle, it 
ought to be as wide as that where there is no more friction, and then the 
wide wheel will not do half the mischief that the coach-wheel does. The 
present stage coach-wheel will do a great deal more mischief, working as it 
does, than if it had been perpendicular. 

Are you to 1)e understood that, in no state of the road, a wide wheel sUch 
" as you have described would do injury to the road? A wide wheel will do 
* a partial injury, but not one quarter of that which it would do if it were 
narrow. 

What sort of injury will it do? It will tend to crush the pebbles and 
wear them, but that will be very trifling indeed; if you have a hundred 
weight upon a wheel of an inch wide, and a hundred weight upon a wheel of 
two inches wide, that one of an inch wide will break ten times as many 

Sebbles as the other; every inch it goes will break stones; a wide wheel 
oes away the injury. 

' You are aware that in the carriages that run at present on the common 
roads, the wheels do not run in the same track— rin the event of having wheels 
with the tires four inches wide, do you think it would be better that 
the tire of the hind wheels should run in the same track or a different track? 
For the carriage making one turn only, it is easier for the wheels to go on 
the same track; but if you wish to take the average of the duty, they never 
ought to go in one track. '' 

You think, in the steam carriages, that the tire of the hind wheels should 
go in different tracks? Yes; the one produces a burr, and the other smoothes 
it down. 

Will the carriage run so easy? No; it would for one turn; but, in the 
eourse of time, going every day backwards and forwards, the work will be 
done easier. 

You think the tire may be extended to almost any width: what is the 
width which you think a steam engine travelling rapidly ought to have? It 
depends upon the weight they have to carry; but if you draw a conclu* 
aion from the coaches carrying four tons on two inch wheels, you might, 
with a great deal of convenience to the engine, make them six; but a six 
inch wheel would not break one-tenth part of the stones which a two inch 
would. 

You see no objection to a steam carriage, intended to travel fast, with 
passengers, which may weigh as much as a coach and four with its horses, 
having a six inch tire? No; I know it is condemned by people in general; 
but 1 have never heard, nor have I seen, any reasons for its being condemn- 
ed. 

The wheels being wide and being cylindrical, with their axle horizoalai^ 
10 
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supposing you were to double the diameter, or to increase the diameter con* 
siderably of a wheel six inches wide, would it go more easily for the road? 
It would go easier for the machine; but then there must be a wheel of dou- 
ble the width, and that would be loading the machine in going up hill with 
an unnecessary weight; but that would ease the road; it will have a longex* 
bearing on the ground; there would not be so quick a circle. 

With respect to the road, there would be a considerable advantage? Yes, * 
for it is a larger arch. 

With respect to the engine, would there be any other disadvantage but 
the additional weight? No; I do not know anv material objection except 
that, and that would throw the engine very high; it would be top heavy. 
I do not think it would be convenient to make wheels above six feet. 

Can you state the weight of your engine as compared with the weight of 
the present engine? I will furnish an answer to that question. 

Do you conceive that your engine, H)f which you have produced a plan, 
is as applicable to carriages on roads as to the propelling engines at sea? 
Yes, that is one object I have in view, and for agricultural purposes^ for 
ploughing, and every other purpose. ^ 

Have you ever calculated what the weight of a carriage would be with 
one of your engines? Yes; I am looking to see the necessity of the doing 
tway with the supply of water that I have done away with; but, in dispen- 
sing with the water, I shall save three-quarters of the fuel; every time we 
double the force of steam we save seventy-five per cent, upon it This en- 
gine, I conceive, will not take one quarter part of the fuel; one charge of 
water will do for a month. I have just taken out a patent for my engine. 
Do you condense with a sufficient rapidity to take from the piston the pres- 
sure of the returning steam? Yes; there was an engine which had been 
working with high steam and one of my boilers, and the cylinder was en- 
closed with brick work to keep off the external air: while I was abroad 
they took down the brick work, and set it at a distance from the cylinder 
of four or five inches, and turned the draught from the fire round the cy- 
linder to keep it off, and from that made more than sixty* per cent difierenoe 
in the fuel; if the engine was doing foriy millions to a bushel of coals be- 
fore, it then did sixty-three millions, and thBy burnt five bushels of coals to 
keep the cylinder hot If they had put that under the boiler, it would have 
done forty millions as before; but in putting in five bushels round the boiler* 
it did three hundred and fifty-six millions; then the difficulty was to know 
how it would make that difierence. I could not at first m^ke it out; how^r- 
er it turned out afterwards how it was, and it was the steam; when coming 
in upon the piston, the cold sides of the cylinder took out a part of the 
beat; these are single engines; the steam is returned under the piston upon 
the engine going that stroke again. The cold sides of the cylinder caused a 
dew by the steam; the steam was expanded to full four times the space; by. 
the time it had gone a quarter part it was shut; then it was expanded; it 
was entirely cooled by itself; but when it came to touch the cold sides of 
the cylinder, it hung about them like a dew. The moment there was a com- 
munication to the condenser, that instant it expanded, and it threw' itself 
into a second ; the next stroke threw that heat again into the side 

of the cylinder, the weight of the cylinder was about six tons; if it had 
taken out one degree each time, that would have taken out more than the 
engine burnt There is a clear proof how quick cold will con- 

dense. 
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Are there not steam engines in which the cylinder is within the boiler? 
Tes; those are commonly used now in the high pressure steam engines. 
^ Have you ever considered what toll should be charged upon steam cat- 
^ riages, assuming that a steam carriage of 40 cwt. is equal to four horses, 
tnd does no more damage than four horses would do upon a road? I should 
judge that there would be no need to iix them heavier than just to pay for 
repairing the road, whatever it may be; people are not to get their mainte- 
nance out of roads; and if thesteatii carriages do not injure the roads half as 
[ ' much as a common carriage, they should not pay half so much. 

You do not suppose that a steam carriage weighing four tons would do 
^ more injury than a horse carriage? A steam carriage with the same weight 
would do nothing like the same injury as a horse coach, for they have nar- 
row wheels and these have not; and there are no horses' feet 
Your opinion is, that there should not be a higher toll charged upon those 
-J 'steam carriages than upon a coach drawn by four houses? If the toll is 
charged according to the injury done to the road, it would be not more than 
half. 

* Do you conceive therq would be any difficulty in applying steam carriages 
;^ to the present roads with the present ascents? Under the present circum- 

• stances there is a difficulty. It is a question whether it shall go over the road, 
for the weight is too great; but if the weight is done away, and three to one 
in power added, it will be possible to do it, and I have no doubt it will be 
'^- '^effected on my principle. 

)l You think that the steam engines already prepared would go on the com- 
f*mon roads? They are between sinking and swimming at present, and I 
"^hink they will swim: I think that the improvement is effected, and that 
they will do. 

Would it not lighten the weight of engines if you had fixed stationary 
ei^ines to pump gas, fifty atmospheres for instance; and shift the vessel con- 
taining it at each stage? We do not want air or gas. 

Soniething that has a power to drive? A vessel that weighed that would 
-be so heavy, it would not carry its own weight; the vessel it was compre»- 

* *8ed into would be of considerable weight; a cubic inch of water will fill a 
eubic foot 

In the application of your power to a steam carriage, do you suppose there 
would be less danger of bursting than At present exists? Yes; this cannot 
burst; that is prevented, 

^ ' Have the goodness to state your reason? There are five separate cylin- 
ders, the one encircled in the other; and if the boiler, or the inner circle 
burst, there are four other circles that might take the pressure, one after the 
other, before it can externally explode, which outer circles are never heat- 
ed; and the boiler can never be heated or low, because the steam that is 
made use of by the engines is returned every stroke into the boiler, and 
provided an engine is tight, it may work forever without a fresh supply of 
water. 

What height would the shaft be, as applied to your steam carriage? It 
does not require to be higher than a common steam carriage. 

Have the steam carriages that now ply on the roads a shaft? No; they 
get the fuel through a fire door, but it will answer best to fill through 

fou get considerable advantage. In the first place you have a less boiler; 
y having a less boiler it is lighter; it is much stronger by getting a greater 
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pressure; there is 75 per cent on the fuel. If you take the average of. the 
advantages, it will save daily nearly ten to one on travelling engines. 

That will render it necessary to have a chimney in a steam carriage? A 
chimney is not necessary for the sake of draught if there is a forced draughL 
The engine of which I have produced a drawing, is made for a ship, where 
we are not bound to height, but five or si)c feet would be quite suffiicient 

Do you apprehend that, m your engine, there would be any noise from fric- 
tion, so as to alarm horsesf No more than in any other engines; there is 
no more noise; whether the steam is generated in the same way or how it is 
conducted, makes no difference. 

With what would you work? With coke; that would be the most con- , 
venient. 

Do you think the road would suffer less damage from the carriage itself 
containing the engine conveying the passengers, or conducting another 
carriage intended to convey passengers? I think it better to have separate 
carriages for the roads, as well, because there is less weight upon the 
wheels; The weight would be more equally divided on the four wheels; but ^ 
there will be six wheels in a general way I think. The two fore wheels 
will bear very little weight 

Might not a single truck wheel do for that? It would not be steady. 

Mercuriij IT die Angus ti^ 1831. 
Mr. Richard Trevithick^ again called in, and examined. 

Are there any additional observations you wish to make to the commit- 
tee? — ^There are. I was asked what 1 had performed, and what was my 
opinion as to whether steam power could be made useful on common roads 
in general, and the difference in effect between broad and narrow wheels on 
such roads, respecting their breaking up or settling down the surface, and 
what farther advantages I might expect from my late improved steam en* 
gine? In answer, I beg to say, in 1804 1 invented and introduced the high- 
pressure steam and locomotive engines, and, also, in 1813, invented the iron 
tanks and buoys for his Majesty's navy. In 1814, I was engaged by the 
Spanish Government to construct in England nine high-pressure steam en- 
gines, and a mint, with pump-wo#k, and every thing complete for draining 
the great mines of Paseo, in Peru: they weighed 500 tons, in 20,000 pieces;^ 
the boilers each of six tons weight, all in single plates, and the cylinders 
each in six pieces, all carried up the mountains on mules' backs, and putto- 
gether on the spot, by which the mines were effectually drained, the ores 
wound up, stamped, smelted and coined; they remained in full work until 
the Spanish army retreated through the mines before, the patriots, and) on 
their retreat broke the engines, and threw them into the engine pits. 
For a report of my progress in Peru, see the first number of the 
Geological transactions of Cornwall, copied from the Lima Gazettes. In 
reply to the questions put to me by the committee of the House of 
Commons, respecting the probable process of steam power for loco- 
motive purposes, I beg to say, on railroads, they have been proved to 
be useful to a certain extent, but are still defective, on account of their 
greaf. weight of machinery and ^yater, and the difficulty of getting water at 
}Si} iime», also a want of permanent safety against explosion; but, from a 
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A late improvement of mine, these obstacles are nov^ removed, and when 
these late improvements are combined with my former locomotive engines, 
they can be constructed so light as to travel at almost any speed, and thou- 
sands of miles, without a supply of water, and the risk of exploding is re- 
duced to an impossibility, with a saving of considerably above fifty per cent, 
in fuel; all those improvements will appear in my statement hereafter. Tra- 
velling on common turnpike roads would be by far the greatest national ad- 
vantage, but which, on the present plan, never can be accomplished, be» 
cause the difficulties of getting a supply of water, and the inequalities of the 
surface of the roads, will always, under these circumstances, prevent the 
limited power to ascend the hillq; and this objection is irremovable, because, as 
the power at present increases, the weight increases in nearly the same ratio. 
At the present moment, we have a proof of this, from the engines travelling on 
common level roads being as nearly as possible in equilibrium, their power 
just capable running their own weight at a fair speed on a level surface; 
and they now only wait an increase of their power, independent of weight, 

- to accomplish their general adaption to every purpose, both on the road and 
also to agriculture; and as the expense of fuel bears so small a proportion to 

■ horse labor, the removal of the present objections would accommodate their 
general use to unlimited advantages that the public are anxiously in search 
of. As the axles of steam carriages require to be straight, and the wheels 
perpendicular, there remains no objection to employing any width of wheel 
that the road inspectors require, which, to a certain extent, will reduce the 
resistance, instead of increasing it It is my opinion, that all wheels now 
' in use on common roads are much too narrow'; but this ought to be accom- 
modated to the ihaterials that the road is formed with: for instance, narrow 

' wheels on an iron road do not yield to the pressure of the weight, but keep 
themselves perfectly horizontal, and do not pulverize; but every Macadamized 
road, more or less, is subject to this inconvenience, and the narrower the 

V wheels, the greater mischief is done to the road, and more resistance is 
given to the horses. The nsual notion, that wheels grind the road, is wrong; 
if any difference, it is the roads grind the wheels, the road-material being 
generally the harder of the two; but the roads are injured by the wheels 

'crushing the stone, by a narrow surface bearing on small points, or on sin- 

' gle stones, the tenacity of which will not support the weight under narrow 
wheels: under wide ones, they would sustain no injury, because the wide 

.. wheel reduces its weight on each inch of surface in contact with the road, as 

, the number ot surface inches is increased by its additional width, and settles 
down the road firmly, and gives each stone a side support also. Therefore, by 
double the bearing on the road, half the weight is taken off from every bear- 
ing surface inch; and that, in addition to the side support, by being bedded 
firmly, a wide wheel will, I have no doubt, save four out of five, if not nine 
oiit of ten stones that are crushed at present, and reduce the road expenses 

;in the same proportion; but while the fancy of having carriage- wheels out of 
upright with crooked axles is continued, wide wheels would be a serious ob 
jection. The inside and outside of the wheel being of different diameters, and 

' going different speeds, must cause an increase of load to the horses, because 
their rubbing on the road and tendency to twist move the stones out of their 
bed in the road, and, instead of bedding them firmly, has the contrary ef- 
feet. Another great evil arises from the use of narrow wheels r they sink 
lower into the road, and the road being in part elastic, whatever that may 
be, is a resistance added to the horses according to its perpendicular rise aik^ 
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fall. 17 The passing over sand or snow gives a proof of this on a larger scale, 
and wide surfaces will bed snow, and form a firm road, w\iile narrow sur- 
faces would defeat the efiect. Another proof of wide surfaces bedding firm- 
ly is seen in Cornwall, where the mills for stamping the ores in the mines 
have steam engines in constant work, lifting twelve inches high iron stam- 
pers of three or four hundred weight, of about seventy inches of bearing: at 
the bottom surface these form their own bed, which is about a foot thick of 
Macadamized stones, and are an everlasting foundation, though the stamps 
pulverize at the surface as fine as sand. It would be advisable for the fore 
and hind wheels of carriages to run about half the track out of a line from 
each other, because the bank that is formed by the fore wheel would be re- 
bedded by the hind one, and the leveller the road is kept, the less the jolts, 
and of course the shoaler will be the ruts, while the surface of the road re- 
mains sound, and even the wear is scarcely any thing, and the crushing 
cannot take place but in a very small degree; because the small gravel, bind- 
ing uniformly with the larger stones, supported on every side, brings the 
whole surface into uniform contact with the wheel, in which state but very 
little injury can be done; but when uneven or broken, the loose stones roll 
about without a support, and kept so by narrow wheels, they Independently 
receive the whole weight of the wheel, and, instead of being bedded down, 
are crushed to powder. The unnecessary resistance given to carriages and 
wear of roads by narrow wheels, far exceeds all conception. As a proof that 
locomotive wheels will not injure the roads by slipping round, I give you 
the copy of a report printed on the performance of the locomotive engines 
on the Manchester road for the premium. The following calculation, foun- 
ed on the reported result, was made by Mr. Vlgnoles and Mr. Price, of 
Neath Abbey. The maximum number of strokes was 142 per minute, 
while 440 yards were traversed in 43 seconds; diameters of wheels 60.1 
inches, circumference 157.4 inches; 157.44-142 inches, equal to 621 yards^ 
being the velocity per minute of the circumference of the wheel, or 21 miles 
and 300 yards per hour: then as 60 seconds is to 621 yards, so is 43 seconds 
to 445 yards. Thus, the calculated distance of the run, considering the 
wheel as a perambulator, agrees within five yards with the space actually 
passed over, and this difference might arise from the most trifling inaccura- . 
cy, of noting the time, a quarter of a second at each end being sufficient to 
produce this discrepancy, so that it might fairly be concluded there was no 
slipping of the wheels at a velocity of nearly 22 miles an hour with a load. 
If wheels will not slip round on iron roads, there can be no doubt but that 
they will be firm on common roads. A steam carriage never needs the 
wheel chained, or to be still in going down Iiill, because, if a throttle cock is 
put between the discharge pipe and the piston, it cannot go down hill any 
faster than the steam is permitted to make its escape from before the piston^ 
and^ if required, would stand still intstantly. Below is stated the commence- 
ment of both my high pressure and locomotive steam engines, with the ad- 
vantages derived from them. Since 1804, at which time I invented and 
erected t'his high pressure engine, up to the present time, little improve- 
ment has been made in addition to my [own. The first locomotive engine 
ever seen was one that I set to work in 1804, on a railroad at Merthyr 
Tydvil, in Wales, which performed its work to admiration, a correct copy 
of which 13 now in general use on the railroad. The advantages gained by 
this improvement was a detached engine, independent of all fixtures, work- 
ing with five times the power of Boulton and Watt's engine, without con- 
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denstng water, and the fire enclosed in the boiler surrounded with water, 
and a forced draught created by the steam for the purpose of working on 
the roads without a high chimney; and from this was copied all the boilers 
for navigation engines, which, without it, could not have been available; 
this being independent of brick work, light, safe from fire, and occupying 
little room. In March, 1830, Davies Gilbert, esquire, then president of the 
Royal Society, wrote a treatise on the improvement made in the efiiciency 
cf the largest steam engines in the world, then working in Cornwall, in 

'. which he states, that, in 1798, he made trial of Boulton and Watt's engines 
in that county,- and found the average duty performed in the mines was 
17,621>OUO lbs. lifted one foot high with one bushel of coals; and, in 1830, 
when he published his treaise on the improvement of the steam engines in 
the Cornish mines, he says, that the improvement was so great that a duty 
of 75,628,000 lbs. lifted one foot high, with the same quantity of coals, 
was then performingin the mines; that when compared with the duty done 
in 1795, the improvement exceeded Boulton and Watt's engines, as 3.865 to 1, 
or $7 to 7 nearly; and exceeded the standard of the old atmospheric engines, 
that were at work in 1778, as 10.75 to 1, (at present some of the best en- 
gines have performed a duty of 90 millions with a bushel of coals,) and the 
result of this great improvement has been, that not one engine on Boulton 

• and Watt's plan remains at work in Cornwall; and it is acknowledged by 
sll the Cornish miners that this improvement solely has been the salvation 

' of their deep and extensive mines, without which the mines could not have 
continued to work; but, from this increase of power and speed, a duty and 
saving both In fuel and size of four to one, which has caused the saving of 
coals in the Cornish mines alone to exceed one million sterling, and a con- 

' etant saving of' above one hundred thousand pounds per year. The saving 

, of fuel in theory, by working with high steam, is 75 per cent, every 
time that the elasticity of the steani is doubled, because double the quantity 
of coals doubles the pressure, aud increases the bulk three-eighths, and by 
this steam expansively three-eighths more are gained, and not only theory 
but practice proves that gain on all the Cornish engines. The usual height of 

' irteam is sixty pounds above the atmosphere, but if the boilers could be 
made safe against explosion and work with much higher steam, the advao* 
tages would almost exceed limit The accidents that have taken place by ex- 
plosion, do not appear to be from overloading the safety-valve, but from 
overheating the boiler, because low pressure boilers have often exploded, 
and this generally takes placo immediately on setting the engine to work. 
When the boiler is under water guage it must be red hot, and while the en- 
gine is standing, the water in the boiler is still, but the moment that the en- 
gine starts, the sudden escape of steam from the boiler to the cylinder 
causes a great ebullition of the water, and splashes it over the red hot sides, 
which instantaneously generates a superabundant quantity of steam more 
than the strength of any boiler, however strong, can sustain; because one 
pound of melting iron will boil three pounds of water, therefore the red hot 
tubes of a boiler, to be suddenly cooled by water splashing over them, would 
immediately generate a hundred times as much steam as the space of the 
boiler would contain: therefore, while the feed is so uncertain, and the height 
of water fluctuates so much in the boiler, no permanent safety can be relied 
on, however light the safety-valve may be loaded, or strong the boiler may 
be. Boilers fed with salt or even foul water are dangerous; they are often 
iQcrusted with sail, repeatedly heated red hot, and quickly reduced v\!l«^^- 
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stance and strength. To prevent the salt accumulating, a constant stream 
of boiling water is ejected irom, and cold water in its stead injected into the 
boiler, which occasions a constant fluctuation in the height of water in the 
boiler, and requires a constant caution in the engineer to prevent mischief* 
A 'proof that boilers do not explode from the regular working pressure o£ 
steam, is by the portable gasholders of one-sixteenth of an inch thick apd 
ten inches diameter being regularly charged with thirty atmospheres, or 450 . 
pounds to the inch, without accident: and though this pressure is not one- 
half the pressure that the theory of the strength of iron would bear, yeV 
boilers have often exploded, though the safety-valves have never been loaded 
with one-eighth part of the pressure of the gas holders, or one-sixteenth of the * 
pressure of the theory of the strength of iron in proportion to the strength and 
diameter of boilers, when compared with gas holders; therefore, perfect 
safety never can be relied on under the present regulations. To remove 
these serious evils, save fuel, and give a considerable increase in the pow- ' ' 
er of engines with less space and weight, I have made an entire new 
engine, both in principle and arrangements. The fire-place, boiler and condea- 
ser are formed of six wrought iron tubes standing perpendicular on their ends^ 
encircled the one within the other for the purpose of safety, and to occupr 
little room, also for keeping the boiler to one constant gauge, with fine distill- 
ed water, permanently working without loss, by condensing the steam and 
never suffering it to escape out of the engine, but returning it from the con* 
denser back again into the boiler every stroke of the engine by a force 
pump; and where an engine is perfectly tight, it would work for ever with- 
out a replenish of water. But, to supply, leaks a small evaporating apparatus 
is used for supplying the deficiency with distilled water, which effectually ' 
pi*events any fluctuation in the height of water in a boiler or collecting sedi- 
ment, and an impossibility of ever getting the boiler red hot, there being na 
space for the water to fly to out of the boiler but into the condenser: and this i» 
so small, that if, by any means, the 'force pump did not return the water regu- 
larly from the condenser to the boiler, the space in the condenser, by taking 
one inch in depth of water out of the boiler, would fill and glut the condenser 
so, that the engine would stand still, and, as the water cannot diminish, it does- 
not requre a large quantity of water, or water space in the boiler, so neces- 
sary in other engines, to guard against fluctuation in the feed , and prevent the 
boiler becoming red hot The boiler being considerably less, the strength^ 
and room will be increased, and, never getting hot, the engine might be 
worked with much higher steam; if so high as the gas-holders are charged 
with, the theory gives a saving of fuel, weight and room» over low pre»- 
snre engines of sixteen to one, without a supply of water. I state this to 
show the probable advantages that will arise from this new engine. For 
my engine to be one hundred horse power, to raise sufficient steam, the fire 
tube must be three feet diameter, which would give the boiler a diameter of 
three feet eight inches; and that a half inch thick, according to the theory 
of the strength of iron, would sustain a pressure of 1 ,736 pounds to the inch, 
which is four times as great as |he gas-holders are charged with, and thir- 
ty-two times the pressure that the high pressure engines work with at 
present, which is still farther proof that the explosions have been solely oc- 
casioned by the boilers being under water gauge, and heated red hot If> 
after boilers have been forced on their trial by cold water pressure, to stand 
ten times the pressure that they are to be worked at, and a boiler should 
happen to explode, the shock would be first received by the next surrounding 
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tube, and so on for six successive surrounding tubes; each space between the . 
tubes would admit the steam to esca^ic gently up the chimney without harm, 
and the outside tube that encircles Vhe whole, might be made of three quarters 
of an inch thick, so that it would put injury from explosion beyond possi- 
bility. The arrangement of this new engine embraces every advantage that 
* can be wished for; safety, saving of fuel, lightness, little room, cheapness, 
. simplicity, and nearly independent of water, it can be made applicable to - 
any purpose, and, much more effectual than horse power, the first cost of 
Erection far less than a quarter the cost of horses, for the duty performed, 
independent of the difference of expense between coals and horse feed, because 
' 'a one horse engine will, by constant work, perform the work of four horses eve • 
ty twenty-four hours. For breaking up and tilling large commons, very liitle 
establishment will be required. Another great national advantage will be 

gined, by the whole of the kingdom being abundantly supplied with fresh 
h, as it will be in the power of every fishing-boat to get^ small engine, 
and bring fish to market all round the coast while fresh, independent of 

' wind: this may be carried by locomotive engines, in a few hours, to the in- 
terior of the country. Besides, every merchant ship will be propelled by 
iteam, as an engine of ten tons weight on the deck, occupying very little 
more room than a ton cask, would propel a ship of 500 tons five miles per 

*: hour with sixpence worth of coals, and will also pump the ship, weigh the 
anchor, and take in and out the cargo. The principles of the leading pow- 
er being matured, all the applications will soon follow. 

Davits Gilbert^ esquire, a member of the committee, examined. 

• , Have you paid any attention to the general nature and advantages of wheels 
and springs for carriages, the draughts of cattle and the form of roads? I paid 
considerable attention to it during the sitting of the committee of this House 
« about twenty years ago, of which Sir John Sinclair was chairman; and I 
. then drew up some observations on the nature of wheels and springs on 
roads, which, with some alterations, I printed in the eighteenth volume of 
the Journal of Sciences, and which I would beg to deliver into the commit- 
tee 'as the result of my observations on the subject 

[Thesame was read as follows:'] 

f< Taking wheels completely in the abstract, they must be considered as 
' answering two different purposes. 

c^First^ they transfer the friction which would take place between a slid- 
ing body and the comparatively rough uneven surface over which it slides, 
' to the smooth oiled peripheries of the axis and box, where the absolute 
quantity of the friction as opposing resistance is also diminished by lever^ 
' age, in the proportion of the wheel to that of the axis. 

'< Secondly, they procure mechanical advantage for overcoming obstacles 
In proportion to the square roots of their diameters, when the obstacles are 
relatively small, by increasing the time in that ratio, during which the 
wheel ascends; and they pass over small transverse ruts, hollows or pits, 
with an absolute advantage of not sinking, proportionate to their diameters, 
and with a mechanical one as before, proportionate to the square roots of 
their diameters: consequently, wheels thus considered, cannot be too large; in 
practice, however the are limited by weight, by expense, and by convenience. 

" With reference to the preservation of roads, wheels should be made 
wide, and so constructed as to allow of the whole breadth bearine at once; 
and every portion in contact with the ground should roll on it without the 
least dragging or slide; bu^ it is evident from the v?e\V\Lu^'N\i ^x^'^i^^^ ^^ 
11 
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the cycloid, that the above conditions cannot unite unless the roads are per- 
fectly hard, smooth and flat; and, unless the fellies of the wheels, with their 
tiers, are accurately portions of a cylinder. These forms, therefore, of roadjp 
and of wheels, are the models towards which they should always approxi-' . 
mate. ^ 

" Roads were heretofore made with a transverse curvature to throw ofl^ 
vater, and, in that case, it seems evident that the peripheries of the wheels*. 
should, in their transverse sections, become tangents to this curve, from 
whence arose the necessity for dishing wheels, and for bending the aze^ 
which contrivances gave some incidental advantage for turning, for protecfr^..^ 
ing the nave, and by affording room for increased stowage above. . But re- "^ 
cent experience having proved that the curved form of roads is wholly in: 
adeauate for obtaining the end jproposed, since the smallest rut intercepts, 
the lateral flow of the water; and that the barrel shape confines carriages tOf ^ 
the middle of the way, and thereby occasions these very ruts; roads are. 
now laid flat, carriages drive different over every part, the wear is unip^ 
form, and not even the appearance of a longitudinal furrow is to be seen. : .^ 
It may, therefore, confidently be hoped that wheels approaching to the',, 
cylindrical form will soon find their way into general use. 

"The line of traction is mechanically best dispelled when it lies exactly ' 
parallel to the direction of motion, and its power is diminished at any in* T 
ciination of that line in the proportions of the cosine of the angle to ra-^ 
dius. When obstacles frequently occur, it had better perhaps receive a small ^; 
inclination upwards, for the purpose of acting with most advantage whea ^ 
those are to be overcQpne. But it is probable that different animals exertg).^ 
their strengths most advantageously in different directions, and therefore^ 
practice alone can determine what precise inclination of this line is best |^ 
adapted to horses,, and what to oxen. These considerations are, however, ' * 
only applicable to cattle drawing immediately at the carriage; and the con-^,^ 
venience of this draft, as connected with the insertion of the line of traction*, 
which continued, ought to pass though the axis of the wheels, introduces*^! 
another limit to their seize. « 

" Springs were in all likelihood applied at first to carriages, with no other .^ 
view than to accommodate travellers. They have since been found to an-.j,>, 
swer several important ends. They convert all percursion into mere in-,L 
crease of pressure; that is, the collision of two bard bodies is changed by the * 
interposition of one that is elastic, into a mere accession of weight. Thiia^, 
the carriage is preserved from injury, and the materials of the road are not 
broken: and, in surmounting obstacles, instead of the whole carriage with its*^ 
load being lifted over, the springs allow the wheels to raise, .while the. 
weights suspended upon them are scarcely moved from the horizontal level.^^ 
So that, if the whole of the weight could be supported on the springs, and. ' 
all the other parts supposed to be devoid of inertia, while the springs ^em-!^^ 
selves were very long, and extremely flexible, this consequence would clear* **^ 
ly follow, however much it may wear the appearance of a paradox, that such 
a carriage may be drawn over a road abounding in small obstacles without ." 
agitation, and without any material addition being made to the moving 
power or draft. It seems, therefore, probable, that, under certain modifica- 
tions of form and material, springs may be applied with advantage to the 
very heaviest wagons, and consequently, if any fiscal regulations exist, 
either in regard to the public revenue or to local taxation, tending to dis- 
courage the use of springs, they should forthwith be removed. 
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« 

"Although the smoothness of roads, and the application of springs are 
beneficial tolall carriages, and to all rales of travelling, yet they are eminent- 
ly ,so in cases of swift conveyance, since obstacles, when springs are not inter- 
ppsed, require an additional force to surmount them beyond the regular 
drafts equal to the weight of the load multiplied by the sine of the angle in- 
^.cepted dn the periphery of the wheel between the points in contact with 
tKe .g^un(| and with the obstacle, and therefore proportionate to the square 
of ite4iei^t; and a still further force, many times greater than the former 
when the velocity is considerable, to overcome the inertia, and this increases 
with the height of the obstacle, and with the rapidity of the motion both 
squared. But, when springs are used, this latter part, by far the most im- 
portant, almost entirely disappears, and their beneficial efiects, in obviating 
tho. injuries of percussion, are proportionate also to the velocities squared. 

*^,The advantages consequent to the draft, from suspending heavy baggage 
on fhe springs, were first generally perceived about forty years since on the 
2atn)duction of mail coaches; then baskets and boots were removed, and 
Acir contents were heaped on the top of the carriage. The accidental cir- 
eofastance, however, of the weight being thus placed at a considerable ele- 
*^?ation, gave occasion to a prejudice, the cause of innumerable accidents, 
■nd. which has not, up to the present time, entirely lost its influence; yet 
moiment's consideration must be sufficient to convince any one, that, when 
Ac^ody of a carriage is attached to certain given points, no other efiect can 
p^ibly be produced by raising or by depressing the weight within it, than 
(DjBreate a greater or less tendency to overturn." 

, rlf he extensive use of wagons suspended on springs, for conveying heavy 
' titjcles, introduced within these two or three last years, will form an epoch 
40)|ttie history of internal land communication not much inferior perhaps in 
. imjiortance to that when mail coaches were first adopted; and the extension 
of vans, in so short a time, to places the most remote from the Metropolis, 
induces a hope and expectation that, as roads improve, the means of preserv- 
ing^them will improve also, possibly in an equal degree; so that perman- 
ence and consequent cheapness, in addition to facility of conveyance, will 
fae.distinguished features of the Macadam system. 
,X have made some further remarks, which I would beg to deliver in also, 
teliding to point out particularly the advantage of steam conveyance when 
^ the^^rate of travelling is great: I would beg to add, that it appears to me 
.extremely difficult to-lay down any general rule which would be applicable 
to all situations and all roads, inasmuch as they vary with the nature of the 
m^t^ials: that up to a certain weight, proportionate to the corresponding 
width of the wheel^ it is probable that the injury to any road may be very 
little, but that beyond a certain weight, compared again with a correspond- 
ing breadth of the wheels, the materials would be entirely crushed, and the 
' |road totally destroyed. Therefore it follows, that even on all roads there 
must be a limit to the weight of carriages, as it is quite impossible that a 
wheel of enormous breadth could bear uniformly on all its surface. For 
instance, where trains of artillery are drawn over roads, the excess of their 
weight beyond what materials are capable of sustaining, has been found 
sufficient for grinding them to powder. " The slow conveyance of heavy 
weif;ht8 may perhaps be efiecjLed by steam on well-made and nearly level 
roads, so as to supersede the use of horses; but steam power is eminently 
useful for producing great velocities. It was last year determined by the 
Society of Civil Engineers, after much inquiry and discussion, that the 
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expense of conveying carriages drawn by horses was at its minimum 
when the rate of travelling equalled about three miles an hour, and that ex- 
pense increased up to the practical limit of speed, nearly as the velocity; 
including the greater price of horses adapted to swift driving, their increased 
feed and attendance, the reduced length of their stages, and, with every 
precaution, the short period of their services. . On the contrary, frictiop 
being a given quantity as well as the force requisite for impelling a given 
weight up a given ascent, the power required for moving steam carriases 
.on a railway remains theoretically independent of its speed, and practically 
increases but a very little, in consequence of resistances from the atmoii- 
phere, slight impacts against the wheels, inertia of the reciprocating pis- 
ton, &c. The expenditure of what I have termed efficiency, is, as actual 
force, multiplied by velocity, and the consumption of fuel in a given time 
will be in the same proportion, but the time of performing a given distaiiee 
being inversely as the velocity, the expenditure of fuel will theoretica4y 
be constant for a given distance, and very nearly so in practice. The pow- 
er requisite for moving bodies through water is in the opposite extreme^ 
here, the mechanical resistance of the fluid increases with the square of the 
velocity, as do the elevation of the water at the prow, and ita depression' at ^ 
the stern. The oars or paddles must therefore preserve a constant ratio to 
the velocity of the vessel; and the force applied will consequently yary^as 
the squares of the velocity; and the expenditure of efficiency being as the 
force multiplied by the velocity; the consumption of fuel will be as the 
cube of the velocity in a given time, or as the square of the velocity ob a given 
space; and I have ascertained from the records of voyages performed by steti^ 
vessels, that the law is nearly correct in practice: hence the great power* 
required for such steam vessels as are constructed not merely for speed, .lint 
also to set at defiance the opposition of winds and seas; while, on tlte 
contrary, a very small power will be found sufficient for moving sh'i[)s 
of the largest dimensions through the water, at the rate of two or three miles 
ao hour, when their sails are rendered useless by continued calms." 

Mr. Nathaniel Ogle, called in, and examined. 

What is your profession? I have no profession; I am pursuing the iotro- 
duction of locomotive engines on common roads. ** 

^ Have you invented any carriage of this description actually np^ in prac- 
tice? Yes, partly so. 

Have you run ycur carriage for any length of time on public roads? About 
800 miles, or rather more, over roads of various descriptions, and up lofty 
hills. . . ' 

Will you describe, generally, the nature of your carriage, and of any im- 
proveriiCnts you have made since you first turned your attention to the subr 
ject? The object in all locomotive vehicles is to obtain a mode of genera- 
ting steam that shall give the command of a sufficient power, under all. va- 
rying circumstances to be met with on the common roads. We have ob-' 
tained that desideratum, by combining the greatest heating surface in the 
least possible space, with the strongest mechanical force, so that we work 
our present boiler at 250 lbs. pressure of steam on the inch, with the most 
perfect safety. Our experimental vehicle, weighing about three tons, or 
rather more, we have propelled from London to Southampton, and on the 
roads in the vicinity of Millbrook, at various speeds. The greatest veloci- 
tjr we obtained, over rather a wet road, with patches of gravel upon it, waa 
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between 32 and 35 miles an hour, and might have been continued under 
rimiiar circumstances, and we could, on a good road, have increased that 
▼ejocity to 40 miles. We have ascended a hill with a soft wet bottom, 
rifiing one foot in six, at rather a slow rate. We have ascended one of the 
loftiest hills in the district near Southampton, at 16i miles an hour. We 
^ye, gone from the turnpike gate at Southampton to the four milestone 
pn^tne London road, a continued elevation, with one very slight descent, at 
inte of 343 miles an hour, loaded with people. The locomotive vehicles 
used on the Liverpool and Manchester railroad would not go at three miles 
ap hour on a common level road, and would not ascend any hill; and on ac- 
count of the diameter of their boilers, cannot, scientifically speaking, be con- 
l^dcred safe. The vehicle is under perfect control in every respect. No 
"^if^ident from explosion can take place. We have had whole families of 
vdie^i day after day, out with us in all directions, and who have the most 
^ norfect confidence. > We are now upon the point of establishing a factory 
*;:9^^^fiie these vehicles will be made in numbers; and a great many are already 
'])M|uired by coach proprietors, carriers of merchandise, and others, for their 
Ifljisp 6a the public roads. Railroads, excepting in very peculiar situations, 
*^fre, behind the age; and it is my decided opinion, that those who embark 
lital in constructing them will be great losers. 

^ill you describe the form of your boiler? The base of the boiler and 
^lllBjrSummit are* composed of cross pieces, cylii^drical within, and square 
^'^thout; there are holes bored through these cross pieces, and inserted 

* jj^iy)U£h the hole is an air.- tube. The inner hole of the lower surface, 
^lad the under hole of the upper surface, are rathec larger than the other 
|q|iea. . Round the air-tube is placed a small cylinder, (he collar of which fits 
j^jn|und the larger aperture on the inner surface of the lower frame, and the 
4l^nder surface of the upper frame work. These are both drawn together 
^by screws from the top; these cross pieces are united by connecting pieces, 
'^e whole strongly bolted together, so that we obtain in one-tenth of the 

' space, and with one-tenth of the weight, the same heating surface and power 

"as is now obtained in other and in low pressure boilers, with incalculably 

greater safety. Our present experimental boiler contains 250 superficial feet 

* of .heating surface in the space of 3 feet 8 inches high, 3 feet long, and 2 
, ieet> 4 inches broad, and weighs about 800 weight We supply the two 

' 'Cylinders ^ith steam, communieating by their pistons with a crank axle, to 
r'tne ends of which either one or both wheels are affixed as may be required. 
'Xiw wheel is found sufficient, excepting under very difficult circumstances, 

' ^d when the elevation is about one foot in six, to impel the vehicle for* 

y Have you taken out a patent for this invention? We have, in the name 
'^of William Altofk Summers and Nathaniel Ogle. 

■^.. Tou state that the weight of that carriage is about three tons or more — is 
^^at independent of the necessary load? That will include the coke and 
**Vie water, but not the passengers. 

*'* Have you any peculiar means for rendering explosion impossible? Yes; 
^ the cylinders of which the boilers are composed are so small as to bear 

a greater pressure than could be produced by the quantity of fire b&- 
\ Death the boiler, and if any one of these cylinders should be injured by 
'^^olence, or any other way, it would become merely a safety valve to the 

* rest We never with the greatest pressure, even, burst, rent or injured our 
boilers, and have not once required cleaning after having been in use twelya 
moDtbx 
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Is the connexion between your different cylinders so perfect, that there is 
no danger of the steam collecting in one particular point of it? There is a 
perfectly free communication, an4 not the least danger to be apprehended. 

Have you one or two safety-valves! Two, 

At what pressure do you usually work your carriage? Two hundred and 
forty-seven pounds oti the square inch of the boiler^ but we have worfaS 
it at a greater pressure than that \ • 

To what pressure do you usually weight your safety-valve? Two iiun- 
dred and forty-seven pounds. *• ^^ 

Then you travel always on the lift? Yes; we are always glad to see our 
steam blowing off, and when our fire is even moderately good, it is alwajv 
blowing off, even up the steepest hills, proving an excess of power. ^ ,. 

Does that create any annoyance to passengers along the road? None whit^ 
ever; the waste steam is carried round a double casing of the fire pla^ 
then brought over the surface of the fire where some portion is consumed, ^ 
and the rest passes off through a very small chimney in an aeriform statdJl 

Do you use coal or coke? Soft and good coke which easily ignites Ad 
burns rapidly. ' * ' ' 

You have not any annoyance then to passengers from smoke, from votir 
carriages? None, whatever; there is no appearance of smoke, except on li|^, 
ing the fire with wood, which is necessary to igciite the coke. ^t 

That takes place before you start? Yes; but even that will not be neeek, 
aary when every thing is arranged. ; .- \ '* 

You state that your carriage is under the most perfect control? Perfect 

Supposing you were going at the rate of ten miles an hour on a iet|l. 
road, in what number of feet do you suppose you could entirely dieck tUa[ 
carriage? It would be difficult to state precisely the number t>f feet, bbt 
certainly in a less space than you could stop a pair of carriage horses goidg 
with the same weight attached to them. I have no hesitation in saying, thata 
steam vehicle is safer in every respect ban one with horses, that it is undtt 
more complete management at the same velocities and with the same wei^^' ' 
that it is more easily controlled, and that none of the accidents from fractious ' 
horses can take place with steam carriages. V " . 

Do you find that horses are geaerally frightened by passing your Car- 
riage? Very few indeed; persons usually alarm their own horses (theihi- 
mal being quickly subject to alarm) either by dismounting or pafting thenl^' . 
and thus anticipating apprehension. > ' . 

What rate of toll has been charged on your carriage in the neighborhdbd 
of Southampton? None, whatever. I have paid near London, when trying,' 
experiments, a shilling or two, and I made no inquiry. 1 remember j^int ' 
out of London, throwing one man a shilling, and another two, bSing tMf* 
much occupied to trouble myself about the matter. ' * , *^^ 

You pass through turnpikes in travelling round Southampton? « Yes. '*. V 

What is the reason they have not charged you? I do not know, unlesa^i' 
they had the good sense to see that we rather do £rood to the road than injury/" 

Do you know on what authority they l^vy tolls on carriages? I know eC. 
only two instances in which they have been levied on steam carriages, otia ]' 
at Hammersmith bridge, and the other at Cambridge heath, near Hackney. - 

If toll collectors at Southampton abstain from demanding tolls, is it not*' 
because they had not authority to demand them? I do not know their mo-^ 
tive. '• 

Yoa think that the toll collector is so interested in the good state of the 
rvad^ tbatt be would abstain from demaudiu^toVY ovk \!K^Vi ^gNmcod} I thiidi: 
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that if they have contracted to keep the road in repair, they would be glad 
(bat steam vehicles should run upon that road in preference to carriages drawn 
by animals; because the wheels of steam carriages, if the tires are of a pro- 
pel breadth, act as rollers. 

Do you know whether the toll collectors in general, contract for keeping 
^ the road in repair? I do not know. 

Do you know any instance of it? No, I do not 

Have you heard any complaint by contractors of the injury done to roads 
from your carriages? No. 
^ Nor from the surveyors of roads? No. 

^ .What is the breadth of the tires of your wheels? About three inches. 
'^ Could you increase the tire of your wheels without inconvenience? Cer- 
ttainly. 

^ 1*0 what breadth? With a given weight there might be given breadths; 
^lii my opinion a vehicle carrying four tons weight, the engine itself weigh- 
ting three tons, should have a tire about four inches and a half in breadth, a 
JEit tire, not a round tire, arid the wheels should be cylindrical. It is decid- 
'^ly to the interest of steam coach proprietors to have the tires broad, as tha 
^"ffheels have a diminished tendency of sinking into the road. 
J^vlShpuld they be increased according to the weights? Yes, but I do not 
gtfaink that we have knowledge enough to speak precisely on that subject, and 
'*JDd go into minute details as to the exact breadth which should bear a given 
%eizht ' 

« ^Taking either an increased or a diminished weight, what would be the 
iiiSreased or diminished breadth of wheels which you would recommend? 
J ^i am not prepared to answer that minutely. , 
Vis it your opinion, that, in case they exceed three tons weight, that wheels, 
ibjree inches wide, improve the road, passing with the velocity they do? 
^Bc^rtainly ; the velocity has nothing to do with the wear of the road. 
. ,How many wheels have you? Our present carriages have only three, so 
. ^at; the centre wheiel rolls that portion of the road which has been cut up 
by the action of the horses' feet 

*^ Is it of the same breadth as the two hind ones? It is broader, being four 
inches and a half. 
Is th^ centre wheel a guidiog wheel? It is. 

What portion of weight is upon thiift as compared with the others? That 
mnstvary a little, but generally about one-third. 
. Is yQurs a coach? No, it is ji treble-bodied phaeton. 
tHow many passengers have you carried when you have gone at the rates 
. 3(6.u have described? I think 1 have seen nineteen; weight is of no import*' 
a^ice to a steamer. 

' Taking the weight of your carriage, with the engine, at three tons, what 
- 'weight do you' suppose that you could carry at the rates you have spoken 
of? Between three and four tons, very well. 
.' Besides its own weight? Yes. 

. Doubling its own weight? Yes; twenty people will weigh more than a 
ton and a half. 

For what distance do you travel without taking in water? — ^We can in- 
crease our capability to a great extent; at present, we carry about seven huiv- 
dred weight of water; it lasts about fourty minutes; that depends on the 
.quality of the road. 

How much coke? The quantity we carry is according to the distance ^% 
wiA to go. 
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What weight of fuel would you think it necessary to take in, to go one 
of your averages stages? Three bushels. 

How much does a bushel weigh? That is difficult to answer, coke differs 
in its weight; the average weight is about forty pounds a bushel. 

What proportion of injury do you think one of your steam carriages does 
to the road in coxnparison with the injury done by a coach drawn by horses 
proceeding with the same velocity? Not one half; first of all they receive no 
injury from the feet of the horses; a horse must have something to hold by, 
and the action of a horse^s foot is to scrape and dig up the ground. Vehicles 
drawn by horses of equal weight, have usually narrower wheels, which 
must increase the injury done to the road. 

Are your wheels dished, 'or are they cylindrical? Cylindrical, with flat 
tires. 

What are the diameters of your propelling wheels? We have generally 
used them about six feet; those we have now are about five feet six. 

Have you changed the diameters from experiment, from finding the smal*. 
ler diameter more convenient? From finding some wheels with the spokes 
cut through, whether intentionally by the workmen, or from mere neglect, 
we could not tell; but they were merely reduced from six feet to five feet 
six. 

For a carriage calculated to carry eighteen persons, what would be the 
length, and what the breadth? I think that our next will measure eighteen 
feet six; that is not so long as a carriage with two horses: the breadth six 
feet nine inches between the wheels. 

During the course of your experience, have you met with any accident, 
such as the breaking of your machinery? None whatever of any de- 
nomination; not one bolt, not one screw has ever given way, during a perio4 
of twelve months, and under circumstances which would have utterly de- 
stroyed any other carriage, and very much to the surprise of engineers, 
who are sadly uninformed on all points relative to steam coaches, and hava 
never advanced their success. 

In the improvements you are now engaged upon in your carriage, ara 
they relative to the size and weights of the different parts, or merely m the 
conveyance of the goods and passengers? They are more in improving 
slight details; the power we have beyond all question to propel vehicles of 
any weight, at any required velocity. 

Have you made many experiments as to the size of youir cylinder? We 
have made several experiments. 

In reference to the usual velocity you require, and the weight you have to 
carry, what do you find the most advantageous size of cylinder? The larger 
the cylinder, certainly, the better; but were I to give definite answers to 
such questions, it would be giving too much information to those opposed 
to us. 

What is the greatest weight that any steam engine you have ever built is 
capable of carrying ten miles an hour? About three tons, in addition to iti 
own weight. The majority of the London engineers treated our opinions^ 
founded on the laws of nature and experiment, with contempt and ridicule, 
and were amazed at witnessing the vigor of our engines, and the velocity 
with which we left the factory in Cablestreet, Whitechapel, and proceeded 
towards Shouthampton. 

Have your ever ascertained that that carriage, when loaded, weighs ^ix 
toaa? No, never. 
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What was the great^gfeMkht you ever weighed? We never weighM 
it at all. I can only spevHRm conjecture. I have seen nineteen persons 
on it, and seven cwt. of water. 

At what rate did you travel with that load? We went with that load up 
a considerable ascent, about thirteen miles from Southampton; I should 
think, about from a quarter to half a mile. We travelled about ten miles 
' an hour. * 

How did you ascertain that rate— did you make accurate observations it 
the time? We know pretty accurately, by observation, at what rate we are 
agoing; but we cai^scertain with the greatest minuteness, hj knowing the 
number of revolutions made by a wheel of a certain diameter. 

When you were conveying those nineteen persons, how many horse 

Eower do you suppose was exerted by your maqhioery? Nearly twenty 
orse power. 

You have stated that your carriages do not do injury to roads, but are ra- 
ther a benefit; subsequently you have said that your carriages did not do 
half the injury of common carriages? Yes; if the tire of the wheel was 
very broad, it would be no injury. 

Do you know the ordinary breadth of the tire of a stag^ coach wheel? 
About two inches or two and a quarter, varying a Jittle., 

Do you know the weight of a stage coach, with its complement of eighteen 
passengers? Three ^ons. 

What particular coach do you refer to? The Telegraph from London to 
Southampton, with its full load, has been reported to me, by its proprietors, 
to weigh about three tons. ^ 

' What would be the weight of your machine when loaded? Three tons, 
besides its load. 
.f What do you suppose the nineteen passengers weighed? A ton and a 
half certainly. 

The breadth of your tire is three inches? Yes. 

From your observation of theefifect of a coach weighing three tons, and a 

two and a quarter inch tire going along a road, seeing the impression made 

- upon the roads, and witnessing your own carriage weighing four tons and a 

half, with a three inch tire, what is the relative indentation or injury done 

to the road? Not greater, »s far as I have ever been able to observe. 

Is it as great? I think not as great 

Independent entirely of the* injury that the four hopses do to the road? 
Just so. Independent of that entirely. 

Can you suggest any mode by which tolls shall be fairly charged on steam 
•, earriages? I should say by their weight, with a deduction in favor of the 
ffteam engines, inasmuch as they do not the same degree of injury to the road 
as a vehicle drawn by horses. 

Do you think that the injury done by four horses on a road is ^eater 
than the injury done by the four wheels of the same carriage?' Decidedly. 

Upon what data do you state that opinion? B'ecaiise the anrma( must hald 
on as he goes; if he has a great weight behind him, he must hold tighter than 
it he merely carries his own weight. I do not know the number of strokes 
that a horse's foot must have gone in an hour, but it is a great number, and 
where there are four horses, those must be multiplied; and this, on a road 
moistened by the rain, must make great indentations, and tear up ihe surface: 
the triainsit being continuous, the road must suffer more than from the mere 
pressure oi the tire over it 

Id 
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Do you state that a^^J^iir opinion merelyy or as the fesuli of your obsenra* 
tion and practice? As the result of my obser^ion and practice, and also 
from the deductions of reason. r 

Where have you made those observations? In going about on horseback 
in my own steam vehicle, and my own carriage, I have observed the manner 
in which the road has been cut up. I have also observed the road, after it 
has been passed over by a steam vehicle, and have seen that partof tlie road 
we found injured by the horses' feet rolled over by the middle wheel. 

In what state was the road at the time? Rather wet 

Were the materials recently laid down, or consolidated? There were 
patches of gravel; and there the steam carriage was a deffded advantage. 

Was it of more advantage than the wheel of an ordinary carriage? Yes, 
decidedly so. 

, Do you conceive that the injury done by horses' feet is in the wearing 
of materials, or the displacing materials? In both. 

What is the nature of the injury which the wheel does? The wheel al- 
ways forms for itself a hill, and that hill is in exact proportion to the inden- 
tation. 

Do you mean to say that the hill is formed by the displacing materials? 
Yes there is a line, of the materials of which the road is composed, on both 
aides of the tire. 

Ifa road is properly constructed, will that take place? The harder the 
road, the less the indentation. 

Have you paid much attention to the construction of roads? Not mach. 

Will you state more definitely the nature of the injury you have seen in 
regard to the effect of the horses' feet, in com{)arison to that of the wheels of 
carriages? First of all they displace at every blow, ,they tear up, and throw 
the surface behind them; whereas the wheel only rolls as it goes^and throws 
some portion on both sides of it, if the road is soft 

Do you know from your own knowledge how much the crust of an ordi- 
nary road round London will bear? No; it depends so much upon the nature 
of the road. 

Mr. jSlexander Gordortj called in, and examined. 

Are you an egnineer? I am. 

Have you had much experience in the propelling carriages on common 
roads bv steam? My principal experience in that has been whilst observing 
what Mr. Gurney has done. I have also been connec^ted with loeomotivie 
engines, for which my father took out patents in 1832 and in 1824; and also 
with an engine that Mr. Brown attempted to propel by a gas vacuum engine 
in 1824, 1825, and 1826. I have not had time to prepare a drawing, but 1 
have made a small sketch of two distinct patents (producing the same) which 
my father had in 18^2 and 1824. The one in 1822, was i machine, with 
a small high pressure engine in a drum; as the drum advanced with a rolling 
motion, it moved, before it, a carriage body on two wheels, attached to the 
front of the large rolling drum. Subsequently, in 1824, my father discon* 
tinued his former plan, and took out another patent, in which his object was 
to substitute propellers instead of the driving wheel: for that purpose, he had 
propelling legs in the middle of the locomotive engine, similar to horses^ 
legs and feet, working through the bottom of the body of the carriage against 
t^e ground, thus propelling the carriage onward. Mr. Gurney 's progress in 
1826 and 1827, showed clearly that Uiis arrangement was not necesssiry ia 
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every case, but that one of 4he wheels of the carriage, when attached to the 
steam engine, had a sufficient hdd of the ground to give progressing niotiou 
to the carriage without using propellers; and the introduction of that inven- 
tion has subsequently been given up by me in consequence. 

Uave both the pfans you have given in been given up? Both. They 
were given up from prudential motives on my own part, as it was an expen- 
sive business to proceed with them. Mr. Gurney had made such great ad- 
vances, that it would have been throwing away money I think to have gone 
on fuKher with them. I found that the propelling feet, shown in the mid- 
dle of the engine, do more injury to the roads than the propelling wheels. 

Have you been engaged in running stage coaches? I was engaged in run- 
ning a stage coach with horses four years ago; and since this committee com- 
menced their examination, I have been making some calculations as to the 
comparative wear and tear of the road by horses' feet and coach wheels; and 
I consider that the tear and wear of the horses' shoes is very much greater 
than that of the tires of the wheels. I know it to be so. A set of tires will 
run 3,000 miles in good weathtr, or on the average 2,700 miles, while a set 
of horses' shoe will travel only 200 miles. Take the square inches of the 
rubbing surface, I think the rubbing surface of the wheel, on an ordinary 
road, to be somewhere about sixteen square inches; I am taking a gravelly 
road. 

Do you mean to say that if a coach was standing still, there would be a 
segment of the wheel of eight inches touching the ground? On a gravelly 
road, with a dished wheel, it is about that; and I take the average of sixteen 
square inches, because all tires are not limited to two inches width: some of 
them are a little more; I take sixteen inches as the standard on the average 
quality of roads. 

Yoii state that eight inches of the wheel are imbedded in the road in 
ordinary cases? That is the fact I took the whole together at the average. 
With the front wheels it would not be so much, on all occasions, as on the 
hind wheels. I take the average, allowing for this variation. 

Do you give tliis answer from actual experiments? From observation. 

Having measured that part of tlie wheel which touches the road? I can- 
not say that I have put my rule to it; but I mean to say a segment pf eight 
inches is pretty accurate. If it is on a perfectly hard road, in dry weather, 
the load will almost be a mere tangent to the circle; but on a soft road, in 
damp weather, the wheel will make more ot less of a rut, and the average 
depth of the rut will give the average for the segment. 

Will you give the proportion of surface for the horses' feet? I think 
twelve square inches superficial for one horse-shoe. I cannot say that I have 
measured it 

What is the weight of the carriage which you say imbeds itself eight 
indies? I take the weight of the ordinary post coaches, when fully loaded, 
to be somewhere about three tons. I principally rest my opinion, as to the 
comparative t^ar and wear, upon the wear of the horses' shoes when com- 
pared with the wear of the tires. ^ A horse, after a run of 200 miles, must be 
shod; and after a run of 3,000 miles, jn dry weather, a coach must have 
new tires. 

From thence you infer that the wear of the two is in proportion to those 
numbers? I think it must be thereabout; that is, setting aside altogether for 
the present, the consideration that the horses' movement is a series o 
^thumps and picks, while the wheel it a roller. 
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Is not the iron of the wheel thicker than that of the horses' shoe? Yes; 
to keep the wheel firm^ 

Do you not infer, from the action of the horse's hoof upon the road, that 
the injury would be great in proportion? I think that the action of the 
horse's foot on the ground is more destructive to the road : there is more 
tear and wear to the road by the horse's shoe than by the tire. In rolling 
two tons along the ground, on four wheels, there will be no less damage 
done than by driving four horses without drawing any thing after them 
along the same groufid. 

Have you made any observations as to the relative wear of the shoes of 
riding horses compared with those of horses employed in carriages? No; I 
now speak from circumstances which came to my knowledge when I was 
connected with running a stage. * 

Have you had an opportunity of comparing the wear of the wheels of a 
steam i^arriage with the wear of the wheels of a carriage, supposing they run 
equal distances and carry equal weight? I have seen Mr. Gurney's proceed- 
ings from the beginning to the present time, sftd in riding with him, I have 
very narrowly observea the driving wheel to see whether it ever made a 
surd, (that is to say) made a slip or missed its hold of the ground; and that 
has so seldom Mippened^ that I do not think it can do much more injury than 
any other wheel, indeed I might say none; if it does, it is very trifling- 

You speak of .the propelling wheel? Yes. 

Do you know the weight of Mr. Gurney's carriage? I know the weight 
of Mr. Gurney's carriage from having been told. I take the weight of Mr. 
Gurney's present locomotive engine when it carries six or eight persons, to 
be nearly as heavy as an ordinary four horse carriage without the weight of 
its horses, that is, about three tons with coke, water and passengers. 

Are you speaking of the comparative injtiry " to the roads done by Mr. 
Gurney's carriage and a four horse coach? Yes. 

Which do you think does most injury to the road? I should think it 
must be the same thing, carrying a great weight on any four wheels of 
equal diameters and surfaces: it will amount to the same tjiing. 

Does not that suppose that the tire is of the same width? • I take the tires 
to be the. same. ^ 

That is independent of the four horses? Yes. 

Then the injury done by the four horses is in addition? Yes. 

Have you observed what the proportion is of the damage done by four 
horses drawing a coach, and the four wheels of a coach? I cannot say that 
1 have made any observation upon that further than the tear and wear of 
the shoes, and the tire. I have seen the ruts in a narrow road and the 
horses' path between them; viewingthese and viewing the towing path on 
the side of a canal and between the rails of railroad, 1 should think that the 
horses do fully more harm than the wheels. 

bo you think that the action of the horse's feet on a towing path will do 
more injury than on a road? Yes; but the action of the horse's feet on a tow- 
ing path is not quite> the same as when he is carrying a weight or pulling a 
weight directly after him. The horse hauling on a canal has a motion side-^ 
ways, and leans to the side farthest from the boat, platting his feet: this is a 
more destructive action than that of horses' feet on a road. 

Have you found that there is any tendency to. slip in Mr. Gurney's car- 
riages in going up a hill covered with new stones? When the surface of the 
road is not firm, there is a tendency to slip; and when I said there was 
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merely a fraction more of injury done by that wheel than by the others^ I 
was taking such cases into account. 

Do you think that the injury that steam carriages do to the roads will be 
exactly in proportion to their different weights, taking the same breadth of 
the tir%'.? I cannot state the proportion; if you increase the weight, you 
must increase the breadth of the tire: at different speeds, the injury will dif- 
fer. 

Taking the same breadth of tires, and the same velocity, do you conceive 
the injury to the road increases in exdct proportion to the weight; for in- 
stance, that a steam carriage of two tons will do only half the injury that a 
coach of four tons would do? I do not know that it will be exactly in these 
proportions; but it will he somewhat similar. 

Then supposing that a steam coach carrying two tons, had tires of a 
breadth of three inches, and that a steam coach carrying four tons had the 
tires of the wheels of the breadth of six inches; do you think that the injury > 
would be proportionate? I think that there would be nearly the same 
amount of injury. 

Suppose you increase the weight so as to break through the crust of the 
road? If you put a very heavy weight, you will break the crust of the road 
altogether, no doubt. ' ' 

Do you think that Cbuld be obviated by increasing the breadth of the tire 
of the wheel? To a certain extent; but you may increase the weight so 
much as to pulverize the material of the road, even with a broad tire. 

Have the observations you have made been founded on actual experiment 
or not? It is on observation; I have observed the action of Mr. Gurney's 
wheels very narrowly on, the roads, because I was interested in another pa- 
tent that was to introduce propellers in the middle of the locomotive engine 
as shown in the drawing produced. 

Have you observed them under different ascertained weights? No great 
variety. ^ 

Upon an ordinary road, is the injury done by a stage coach or by a steam 
carriage so great as to be apparent at each time that carriage travels along 
the road? Whenever you see a mark left by a wheel, you are entitled to say 
there is an injury done to the road to the extent of the rut. 

Do you state that if it is merely a mark on the soft surface of the road? 
Yes, from the wheel beine at all imbedded in the soil; the water gets in and 
soaks its way through. If it is in frosty weather, the water and the damp get 
down, and the alternate freezing and melting destroys the road. 

In an ordinary road, is the impression of the wheel of a stage coach upon 
the solid surface of the road so great as to make the injury apparent every 
time the carriage passes over it? It is apparent to me, because, wherever 
there is a mark upon the road, there is a consequent injury. 

Whether that mark is merely the impression of the wheel on the soft mud 
or dust, or by crushing the materials? Wherever the road is damp, the con* 
sequence of the mark, however slight, tends to destroy the road. 

Do you mean whether on the soft mud on the road, or on the solid sub* 
stance? The road must be destroyed to some extent; I do not say that it is 
perceptible. If you put out of consideration the surface, the mere mud, it is 
not perhaps perceptible at the time, but there must be tear and wear going 
on on the road, or it will last for ever. I do not now talk of the action of the 
elements. 

On what data do you state that the steam carriage does not do more injury 
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than the wheels of a stage coach? Because it doe? not make a deeper rut. 

Does either of them make a rut? If you suppose the road to be a concrete 
mass, and that there is merely a little mud and dust on the top of it, I cannot 
prove that a four horse coach does any perceptible injury to that road. ^ I 
will say also a steam carriage will, in a similar case, do no perceptible in- 
jury to it * . 

Of course, if the road was composed of solid rock, you would not be able 
to tell whether a coach of any description had gone over, there being no 
mark left, but talking of ordinary turnpiKe roads, should you be able to trace 
the indentation that coach made? Yes. 

Would you not be able to db the same with the steam carriage? Yes; theire 
are some roads in England, apart of the Holyhead road, for instance, so well 
made that you cannot trace any vestige of injury done in good weather. A 
part of Mr. Telford's road there is a concrete mass. 

Do you know whether thatrdkc) has eyer been mended since it was first 
maiie? I suppose it has. , • ^^; 

Should you not say that theinjury done .to the road by a carriage passing 
over it, depends greatly onthe.staite of thajt road, whether damp or dry, or 
otherwise? Certainly. ' / 

Are there any states in which a road b placed in which no injury is done 
by a carriage passing over it— take th^ ease of a hard frost for instance? No 
perceptible injury is done in that case^ if the road is so hard that the wheel 
makes no mark upon it. But whete the road is at all soft, and when the 
. wheel sinks into that road, it must destroy the road : if it be merely in mud on 
the surface of the road, it ia making a cistern to hold a puddleoi water. 

The greatest injury done to the road, will be just after the breaking up of 
a frost? Yes; or in fact after the effect of the frosi, the water having got 
into the interstices, has been frozen and expanded. When it thaws, the road 
is not so compact, it is soft and pulpy. 

That is the state in which the greatest injury will be done to the road by 
a heavy weight passing over it? Yes. 

Have you ever, in such a particular state of -the road, oliserved the injury 
done by a stage coach drawn by horses, and that by a carriage propelled by 
steam? I have seen the locomotive engine travelling in the month pf Janu- 
ary, and also the ordinary carriages, and I cannot see that the locomotive 
engine has done any more injury than an ordinary carriage. The destruction 
on the road after a frost is much greater than in other cases. 

Have you made observation as to the effect on ihe road by each carriage 
when the road was in the worst state? I have seen them exactly at tlie same 
time and in the same circumstances. In the month of October, when there 
had been a considerable deal of rain, and the old road to Barnet, down by 
Stanmore, was very soft in consequence of the rain, I have seen the effect of 
t locomotive engine, and the effect of the Hemel Hempstead coach running 
along side of each other, and I consider that there was no difference at that 
time. I was then watching the action of Mr. Gurney's wheels, and particu- 
larly his driving wheel, with that view. I put the horses out of the case 
Was there any perceptible difference in the damage done? None, that 
I perceived. 

What are the effects on the wear of the road, by increasing the velocity 
of the steam carriage? I have not observed that, but it must be less. Sup- 
pose you are carrying a weight on a road slowly after a frost, you will break 
the crust; but travelling at a greater rate over it, it will not have that effect; 
the frozen crust will remain unbroken. ' 
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Have you observed the efiect on the road, by increasing the diameter of 
the wheels? I cannot say that I have seen that ;l "^^ 

In Mr. Gurney's carriage; the wheels ^o not alwatys follow in the same 
track? Sometimes they do, and sometimes they do not. 

Under those circumstances^ supi)Osing equal weights on the four wheels, 
it would be easy for you to observe whether the wear of the fore and hind 
wheels was the same? I never observed any perceptible difference in the 
injury. * 

A considerable proportion of the wear of the road is to be attributed to 
the atmosphere, without reference to the carriages which pass over it? 
Yes; the most destructive element in nature is water; and, in the course oi 
the winter, the action of the water that gets sucked u|i into the road is very 
bad, and the \ery washing is also very bad- 
Are they many states of the road ,ia .which a wide tire is of considerable 
advantage to the road. ^ Yes. ^ ' . 

In the majority of cases do you think the superior width of the tire which 
the steam carriage has over a carnage .drawn by horses, is altogether^an 
advantage or a disadvantage? A wi4^ tire has the advantage upon the aver- 
age- %.s:- 

And the steam carriage has. that advantage over the other? Of late, Mr. 
Gurney has increased the width of his tjre:Ut wasat all times wider, but he 
' has increased it still more. 

Does the width of the tire impede the velocity at all? Scarcely in a per- 
ceptible degree. 

Are you of opinion that a wnde tire, under, any circumstances, does in- 
' jury to a road in any state of it? I have made no observation as to its doing 
an injury. 

Complaints have been ma<^e that a great inconvenience arises to passen- 
gers along the road from the use of these carriages, tron% the horses being 
irighiened in consequence of the peculiar noise; the smoke, and the letting 
off the steam? have you seen any inconvenience of that kind? I have seen 
one case where a gig ran off for about 200 yards, and was then stopped 
without ajiy accident. I have also seen the same thing happen with a stage 
coach; it is a common thing with a young Shy horse. I have seen Mr. 
Gurney's coach at work in the barrack yard, in the Regent's park, and have 
not seen the horsey frightened these. 

Should you say you have seen a much greater number of cases of horses 
being frightened and running away attending the use of steam carriages thaa 
of common coaches? My experience in steam carriages is limited, and so 
must be that of every one when compared with the experience had with 
ordinary coaches. I have seen Mr. Gurney's engines, in going through the 
streets of London, and I have not seen horses frightened, in any case: they 
may be shy, and prick their ears at it, but they have not started. 

Have you turned your attention to the question, how tolls should be fair- 
ly charged on such carriages? No. 

Mr. Joseph Gibbsj called in, and examined. 

Are you an engineer? I am. 

Were you brought up to that business? I was. 

Are you the patentee or proprietor of a steam carrislge? I am patentee 
of a new method of more econprnically and safely generating steam, which 
I am applying to steam carriages. 
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H»itbeeD practically carried into effect in steam carriages? No; 1 
am building ^eam carriages, one of which is compiete. I have been to 
Cbeltenham to seethe effect of a carnage there, and travelled nearly 100 
miles between Chelteohani and Gloucester, with Mr. Gurney's carriage with 
that view. 

Did you find that any inconvenience arose to the persons travelling upon 

' the roads from Mr. Gurney's carriage? I did not observe any particular 

inconvenience ; certainly the horses shyed a liltle. That may be accounted 

for from too great a quantily of fuel being consumed, which caused too great 

a smote and vapor, but that will be reduced as improvements take place. 

Havt you paid attention to the effect on the roads of Mr, Gurney's steam 
earriaCe? I have. 

WHl you give the result of your observations? I conceive that steam car- 
riages do DO injury to the roads further than the carriages at present in use; 
Dolorses being applied, there is so much diminution of injury to the road 
from the horses not being used: the wheels I do not conceive do any more in- 
j(#y than those of a sbige coach, supposing them of both the same weight 

Than deducting the weight of the horses, do you conceive that the injury 
h tha same, weight for weight? Precisely. - 

What opportunity had you of exaniining the State of the rOads after the 
carriage had passed over? I frequently went in a carriage attached to the 
atsam carriage, passing behind it: jny object was to know the right width 
a wheel ought to be made to obtain sufficient traction, and I never sa^v any 
fliud displaced which was upon the wheel during its revolution. I' particu- 
krly remarked the indentation^ in the lire which will be made in conse- 
quence of the wheel coming in contract with the sharp flints upon the road; 
now if the wheel had slipped, the tire would have been graved or cut into 
small furrows, but that was not the case: I had the wheels cleaned in or- 
der to observe the effect. 

Did you go up any hills? The hill going ir.to Gloucester. 

At what elevation? That I cannot say exactly; it isa considerable hill. 

Do you conceive great improvements will take place in Mr. Gurney's 
carriage? I conceive great improvements will take place in all steam car- 
riages; that they are in their infancy; that there are not yet sufficient practi- 
cal data to form a perfect judgment by as to the ultimate shape of the vehi- 
cle, arrangement of parts, and weight of machinery. 

Have you considered what would be the best mode of charging toll oh 
such carriages? No; I have not yet paid attention particularly to that sub- 
ject 

Is toll charged on Mr. Gurney's carriage? None was charged while I 
was there. 

Have you seen Mr. Hancock's carriage? I have. 

He carries his passengers — he does not draw them? No, he does noC 

Do you give the same result as to your experience of the injury from that 
carriage? Yes; except that Mr. Hancock's wheel is not cylindrical; it is 
rather conical] and a conical wheel must' be more injurious to the roads than 
an upright one, although, in this case, the wheel teing narrow, the differ- 
ence canpot be very great 

On the principle on which you state that you are forming your carriages, 
shall you be enable to diminish the weight greatly? The carriage I am 
voir conmru^t'iDg weighs two tons, without water: it is made stronger, be- 
eause there arvjiotanj' practical data yet m{WcUa( the paria. 
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Feneris, 19 (He Jiugtuth 1991. : 

Thomas Telford^ esquire, called in, and examined. • 

You are aware that the object of this committee is to ascertain, as far ad 
practicable, how far the operation of carriages propelled by steam upon pub- 
lic roads is more or less injurious than the operation of carriages drawn by 
horses? I have never had any experience of steam carriages upon roads, 
and therefore I cannot say •experimentally what effect they will produce, 
but if there is no projection upon the surface of the wheel, and they are not 
suffered to drag upon the road, it does not appear to me that any injury can 
arise more, but rather less than by common carriages. 

Do you consider that, supposing the weight of a steam carriage were equal 
(o that of a carriage drawn by horses, that is two tons each, the injury done 
to the road by horses or by the carriage would be the greatest? I should ex- 
pect that by the horses. 

In a much greater degree, do you conceive? I cannot exactly say the 
proportion, but I should think the greatest degree of injury arfses from the 
horses' feet 

What is the nature of the injury done to roads by the travelling" of 
^rriages and horses? By the horses chiefly, by tearing up the surface 
^ith their shoes. I do not consider that the pressure of the wheels upon a 
good made road is nearly so injurious to the roa.d as the tearing up of the 
road by the horses' feet 

Supposing that the operations of a steaii) carriage were so perfect that 
there should be no 'sliding of the wheels, and that such steam carriage were 
of four tons, weight, and alsd that the joint weight of a coach and horses 
were four tons, travelling at equal velocity and with equal breadth of tire, 
which do you think would do the least injury to the road? I should think 
that the steam carriage would do the least injury, but that is not from expe- 
rience of steam carriages, but only from my general information, always 
taking forgranted'that there is no projection outside the wheel. 

If, under those circumstances, the breadth of the tire of the carriage drawn 
by horses were two inches and a half, the usual breadth, and the breadth 
of the tire of the steam coach were four inches, should you then have any 
doubt which would do the least injury to the road? I have already said if 
the tires were equal, I conceive the steam carriage would do the least injury, 
and certainly the chance of injury will be lessened if the tire is made dou- 
ble the breadth. 

If the breadth of the tire of the wheels of steam carriages could be ex- 
tended to six inches, might they not^ in many states of the roads, be rather 
beneficial than injurious? Where the road is properly made, of good ma« 
terials and well consolidated, the mere pressure, of a carriage would not have 
i^ny effect 

Do you think it would be fair to impose an equal toll, weight for weight, 
00 steam carriages and on carriages drawn by horses? I think it ought not to 
exceed that 

Do you think tliat it ought to be equal, as the one carriage you state does 
not do SQ much injury as the other? In justice it ought to be diminished, 
but that is only opinion until it is proved. 

Have you paid any attention to the mode of charging toll on ateum car- 
riages? I have not. i 

13 
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Mr. fFilliam Mtoft Summers^ engineer^ called in, and examined. 

Are yoir practically acquainted with the operation of at^m carriages on 
common roads? I am. 

Have you ever superintended the building of, steam carriages? I have Ml* 
perintended the buildihgof two steam vehicles. 

What was the weight of the lightest of those steam carriages? The light- 
est of the two was about two tons ten cwt. % 

Do you give that from guess or from actual weighing of the vehicle? 
From actual weighing of the vehicle. 

That was without the charge of fuel and water? Yes; without the charga 
of fuel and water. 

What would that add? The quantity of water we carried with that vehir 
cle was five cwt, that carried us about eight miles, and the quantity of fad 
we carried would be about four cwt. generally, that would last nearly double 
the time the water did: we always carried an extra quantity of fuel to meet 
any exigencies on the k*otad. 

On the mean of the distance that would bring it to about four hundred and 
a half? Yes. /\ 

Then the steam carriage, ind the average charge of fuel and water, and 
the persons to guide it, wbiild weigh about how much? About three toiis two 
cwt. ■ ?..•''■•• 

What is the greatest Weight which you have known that carriage to be 
able to carry exclusive of its QV^n weight and charge? I remember, In one 
instance, that we had ten persons upon it, and that we travelled with those 
ten persons at the average r^te of about nine niiles an hour. 

On what road did this vehicle you are speaking of, run? It ran from 
Cable street, Wellclose square, to within two miles and a half of Basing- 
stoke; (it was only an experimental journey — the same vehicle had run in 
various directions, about the streets and outskirts of London before;) that 
was the furthest distance we ran with it. 

Is it running at the present time? « No. 

Why was it given up? When we arrived within about two miles and a 
half of Basingstoke, the crank shaft broke, and we were obliged to put it 
into a barge, and send it back to London. 

Is this a carriage of which the committee have had any information? 
No; the committee have had no previous information respecting this car* 
riage. 

Is this on the same principle as that described by Mr. Ogle? No it is not 
on the same principle. 

Have you a drawing of this carriage? I have not; but I can explain the 
principle pretty clearly. 

Have you abandoned the principle upon which this carriage was formed? 
Entirely; except that the boiler, with which it was furnished when we ran 
down to Basingstoke, was the same with which we travelled in the vehicle^ 
of which Mr. Ogle has given a description. 

When you were travelling with those ten persons, did you try to increase 
the speed?' Yes. 

You were not able to do it? We were not; because the size of our en- 
gines would not consume the quantity of steam generated by the boiler, and 
we were not able to go any faster, the engines not being calculated for taking 
a sufficient quantity of steam to produce greater speed. 

W/jat waa the size o( the cylinder witii vrVkidk 'jwi Nvotkcd? We had 
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cylindersi each four inches diameter, and the stroke of the piston 
hrelve inches in each. 

In the present carriages which you run on the Southampton road, what it 
Che Bite of d^e cylinders? Seven inches and a half diameter each, and the 
ilroke of each piston eighteen inches. 

Do you apply your power immediately from the piston to the crank? 
Through (he medium oi a connecting rod only. 

Yoo have witnessed the operation of Mr. Ogle's carriage on the South- 
empton road? I have always been with it. 

He has stated that the weight of that is about three tons? It is about three 
tons, e 

What is the greatest weight by actual experiments, exclusive of its own 
Kreight, that you have seen that carriage draw? We never weighed the 
present carriage; but I remember nineteen persons being at one time on the 
>feh{eleb 

To what distance did you carry the whole of those nineteen persons? 
We carried those nineteen persons a distance of about three miles and a half. 
Was that on a level road, or on a road with hills? We ascended!; two 
tenr considerable hills in the distance; it was in the New Forest 

At what average speed did you travel with those nineteen persons? We 
travelled at the average speed of nearly ten miles an hour. 

What was the utmost speed with which you travelled? We ascended one 
dt Ae hills at the rate of more than fifteen miles an hour. 

What do you suppose to be the inclination of that hill, and what the 
I length? I should think the inclination of that hill would not be less than 
'^Mein twelve, /ind the length of it from half to three quarters of a mile: it 
» oee of the steepest hills in the New Forest 

If you are able to drive up one o( the steepest hills at the rate of fifteen 

ailes, how is it that you give your average speed at less than ten? The 

'iMson we travelled with greater speed up the hill is, that the fire was 

ID better order on ascending the hill than whilst travelling on the level road, 

and caused a greater generation of steam. 

Tou have stated that you went up at the rate of fifteen miles an hour — how 

. did you make that calculation? By counting the number of revolutions 

L nade by the hind wheels. 

A Are you quite sure there was no loss from slipping during that period? 
lam quite sure there was no loss. 

Having ascended the most difiicult part at the rate of fifteen miles per hour, 
nd placing your mean power at so low as ten miles per hour, and stating 
the reason of the mean being so low that the fire was in better order at one 
period than another; does it proceed from any defect in your fire place 
which renders it difficult to keep the fire alwarys at a certain power? At 
that time we had not the means of stoking or putting fuel on the fire 
through the centre of the boiler; the consequence of which was, that we 
were obliged to put a greater quantity of fuel on the fire than we otherwise 
Aould have-been, which caused the fire to be a considerable time before it 
burnt through the fresh fuel; but having lately made a trifling improvement 
in our boiler, we now average, with the present vehicle, fifteen miles per 
hoar. 

Were you travelling for hire on thiatroad? We have never travelled for 
hire yet, but merely on experimental journiies. 
Tou have never made the experiment of weighing your carrlaf^ tA ^%^%\- 
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tain at what rate you can travel with any particular weight?* We never inadv 
the experiment, except by carrying persons. 

Do you find it easy to increase the velocity with any certain weight? 
That depends on a great many circumstances; che state of the roads has very 
great influence on that; but our power is capable of being increaAd to alnoit 
any extent. 

As an engineer, what should you say would be the greatest weight whidi 
can be carried by a carriage weighing three tons at the rate of ten miles an 
hour? I have no doubt it would be able to carry three tons at the rate of 
ten miles an hour besides itself; and after the improvements I have in view 
are completed, I have no doubt that much greater weights may be cs^ed at 
that rate. 

. Have you ever tried it? We have never tried it; but I ground my opin- 
ion on having seen the steam blowing off at both safety-valves, wilh tre- 
mendous violence, during the time we were travelling at the rate of upwaidi ^ 
of thirty miles an hour. 

What distance have you ever continued travelling at the rate of thir^ 
miles an hour? We have continued travelling at the rate of thirty miles an 
hour, four hours and a half very frequently, and could have continued to bavt 
gone longer, had we not required a fresh supply of water, our tank not be- 
ing quite large enough. 

now could you continue to travel at the rate of thirty miles an boar, 
when you have already given so bw a mean of the average of travelling on 
accoui\tof your fire place? Because it depends entirely on the quality of 
the fire: we have never found any difficulty in travelling over the worst and 
most hilly roads since our last improvement in the furnace, when the fire is 
in good order. 

Have you watched the operation of your propelling wheels on the road? 
Continually. 

Have you ever seen the operation of a drag on a common coach going 
down hill? Very frequently. 

What is the effect produced on a road which is nearly dry? The effect 
produced on a very hard road, when nearly dry, is very trifling, but on a soft 
or gravelly road it does great injury. 

Does not it produce a glossy appearance on the rut? Always. 

Is that same effect produced by your carriage in going down a hill? No, 
certainly not; because our wheels in going down hill are alwayd revolving. 

By what operation do you decrease the velocity of the carriage going 
down the hill so as to check the inclination of itself to run down the hilly 
and yet keep it under control? On arriving at the brow of the hill, wo 
throttle or wiredraw the steam in order to check the velocity of the engine% 
and if we find that the hill is so steep that the carriage would run faster tbta 
we wish, we have two drags attached to the hind wheels, and with the foot 
we press on one drag or on bott), as it may be required, and by that meano 
regulate the velocity of the carriage. 

Does not that stop the motion of the wheel? No, it does not prevent 
the wheel revolving. 

How is the drag applied? It is a kind of iron band or strap which goef 
round a portion ofthe tire or the wheel, and our power of breaking is multi^ 
plied by levers to a very great extent 

You have stated that the utmost weight your carriage would carry, at tfat 
rate of ten miles an hour^ was three tons; do you think you would be aU»ta 
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' nfrpy A much greafer weight tt the rate of five miles an hour only? Cer- 

l wnfjr we should. 

^ flPo what extent should you increase your power of carrying? I cannot 

Llliwer that from experience. 

[ TAt what period of slow motion do you think that the increased expense 
rffuel would be greater than the use of horses in draft? I have not ascer- 
tfned that from experiment; but I think steam will supersede horses in 
mwing carriages, even at low velocities. 

How often do you find it necessary to clean your boiler? We have never 
tend it necessary to clean it yet: it has been in operation more than twelve 
months. 

Do you conceive that is owing to the peculiar quality of the writer, or 
that^. under any circumstances, that would happen? We have had water of 
every description. 
Ip there no incrustation upon it? Not the slightest. 
Supposing there were incrustation upon it, would it be difficult to clean it, 
■d Would that require an engineer? It would merely require a common 
laborer to clean the boiler, which might be done by removing some plugs 

I that communicate with each of the cylinders of which the boiler is compos- 

,eiL' and, when required, may be done with a scraper or wire brush. 

What becomes of the carbonate of lime and the sulphate of lime, and so 
€1^ which are in solution in different waters? Every time after we have ar« 
liM at our journey's end, we open a cock communicating with the bottom 
dfAe boiler; perhaps we do not give the matter time enough to rest: it is all 

i Ifthrn out at the pressure of 240 lbs. on the square inch. 

f Have you ever had your boilers rent? No, we have never had an in- 
'rfuee in which the boiler has given way in any part of it; and, in several in- 
fiances, we have had it red hot. 
Of what material is it formed? Of the best chisircoal irt>n. 
i»Have you ever tried it by pressure? I proved the boiler before it was 
jiDt into the steam carriage at 364 lbs. on the square inch;* it will support 
TIO lbs. on the square inch, 
' At what pressure do you work? We usually work it on the road at a 

' pnssure between 240 and 260, finding that pressure more economical than 
•ny other. 

( what surface of iron is exposed to the fire and heated air? Two hun« 
A*edand fort-five superficial feet: the weight of the boiler is eight cwt. two 
qoarters. 

What is the thickness of the iron? About one-tenth of an inch; thin 
boilers last longer in proportion than thick ones, because the heat sooner 
passes through It into the water, and has not time to act upon the iron. 

For what period do you conceive that it is calculated to last? From having 
kad twelve months' experience, I should say.it would last very well fwo 
years and a half. 

During what portion of the twelve month was the engine in actual opera- 
lion? Jt has not been in constant operation everyday; but we have been 
iothe babit of going out four days out of six, and working from eight in the 
inorning till seven or eight o'clock at night; the boiler is not at all injured, 
itisinthe same state in which it was when first put into the vehicle; nei- 
ther have we had any accident with the machinery, contrary to the opinion 
of almost every engineer who saw the vehicle before it left London. The 
vibration or jar being much less on common roads than on a railrway, and 
the whole of our machinery being suspended on springs; the engines work 
as smoothly as if they were fixed op the firmest foundation* 
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Where are the pawiengers placed, in reference to the boiler? They are 
placed in front/ and, in the middle of the vehicle, and the boiler is entirely 
behind the body of (he carriage and passengers. , 

You are frequently in the habit of passing horses? Yes. 
Do you find that they are frightened? I have occasionally observed them 
shy, as they sometinftes do at a wheelbarrow; but we never had any accident 
' from horses being alarmed. 

Do you find it less now than at the commencement of you experiment} 
Certainly. 

Is there a peculiar noise attends the motion of your engine? The noise 
is not as great as in a vehicle drawn by horses. 

Is there any peculiar noise from the escape of your steam? I cannot say 
that there is no noise at all; tliere is a noise, but it is so trifling that the nU 
tling of the wheels on the road entirely drown it. 

Is there continually steam being let ofi* from the safety-valves? Almost 
continually. 

Does that produce any disagreeable effect to the passengers? None what- 
ever: all the waste steam is blown into the furnace, which entirely prevents 
any noise that can be heard on the road. 

It has been stated to the committee, that, in some steam' carriages, actually 
in operation, there is a very peculiar noise from the escape of the steauii 
from whence does that proceed? It proceeds in one carriage, which 1 have 
seen running along th^ roads, from the steam being blown in at the bottom 
part of the chimney of the furnace, at a distance very near to the open air. 
That may be obviated by a different form of chimney— may it not? No 
doubt it may. 

You are aware that that principle is one of the most important principleij 
which has been introduced into the virorking by steam? 1 am quite aware^ 
that, on the Liverpool and Manchester railway, that is the principle they 
have adopted with some success. We have produced the same effect by 
another, and I think better means. 

Will you state by what means you produce that effect? Instead of blow* 
ing our waste steam into the chimney, in order to produce a draught, we 
have a fan or blowing machine, which is driven by the engines when in ope* 
ration, and this gives us intensity of heat in the furnace. The waste steam 
from our engines goes into a double casing round the furnace; we admit a 
small portion underneath the firebars of the grate, anc^ the remainder is al« 
lowed to expand itself into the double casing, after which it comes over the 
top of the fire, and escapes in the form of invisible vapor. 

Then, in fact, you arrive at the same result, but with this difference, that 
you increase the draught of the fire by using a certain quantity of the power 
of your engine, whilst those who introduce the steam into the chimney in- 
crease the draught by a power which yau throw away? We have trieS it 
in both ways, but we find this the most advantageous, because in those car- 
riages in which the steam is driven into the chimney to produce a draught, 
the aperture is so much diminished in order to produce velocity of current 
and corresponding increase of draught, that the waste steam is choaked in 
escaping from the engines, and produces a greater loss of power than by* 
working the fan. 

From your experience in steam carriages, do you xsonceive that it will be 
necessary to make any alteration of the presefit roads, such as paving them 
ibr the purpose of this mode of conveyance? No, certainly not; we have 
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foOnd that our vehicles will travel over every kind of road with great vela* 
eity, and up the steepest hills. From observation lyhich I have made very 
minutely on the operations of the vehicle, my decided '^ opinion is, that if 
the common roads were put into a tolerably good state of repair, we should 
be able to carry all the goods which a railway would be able to carry, and 
at much less expense, taking into consideration the original expense of the 
railway, and its continued wear and tear. I believe I have, from a correct 
source of information, that every yard of railway loses on an average about 
four ounces per year in weight when it is in full operation. This loss arises 
from oxydation, and the action of the great numbers of wheels of the car- 
riases that pass over it. 

Have you travelled over pavements? Very frequently. 

Did you find that your carriage travelled wjth greater case over themP 
With much greater case. 

Supposing you had a pavement to run on, what increase of power should 
/ £?^ ^^^" ^^ running on that rather than on a common Macadamized road? 
. We find that when we are travelling on a rough bad pavement, we do not 
consume more than one-fourth of the steam we do on a gravelly soft road. 

You conceive you increase your power i on a paved road? Yes. 

What steepness of hill have you ever ascended? One foot in six; I mea* 
iured it myself; that is, the hill at Shirley. 

Were there any symptoms of the wheel slipping in that case? Not the 
dightest: we had both the wheels in gear at the time we ascended it 

At what velocity did you ascend it? At a velocity of nearly five miles 
. an hour. 

^ '\ What weight had you? We had fourteen or fifteen persons on the carriage. 
; Did you find any difficulty in working? Our engines worked with per- 
fect freedom. 

What distance did you travel on that ascent? The hill is about 200 yards long. 

You are now improving the form of the carriage — are you not? Our pre* 
seat operations are in improving the form of our vehicle, and the arrange- 
Bent of the difierent parts of the machinery. 

For what number of passengers will your present carriage be calculated? 
iSgbt inside and sixteen outside passengers. 

How many wheels have you? Our present vehicle is on three wheels; 

Vaar proposed carriages will be on four wheels. 
'^ ^ In what space can you turn on a road? We have frequently turned en- 
tirely routed on the London road leading from Southampton, in the space in 
which a post chaise can turn, or rather less. 

Supposing you were travelling at the rate of ten miles an hour on a level 
nudi in what number of feet do you suppose you should be able to stop your 
OBTiage entirely? We should be able to stop the vehicle in the space of 
twelve feet I have ascertained this from experiment: when we were des- 
eendins Staine's bridge, which is very steep, one of the crowd fell down in 
(x)nt of the vehicle, very near the vehicle; we immediately reversed the ac- 
tion of the engines, and the man escaped without any injury. 

When you state that you can stop in twelve feet, is that by reversing the 
aetipo of the engines? No; by merely shutting off the communication be* 
tween the boiler and the engine. 

But supposing you were in such situation that it would be requisite to stop 
in a much shorter distance, could you do it instantaneously by reversing the 
I SBgioe? We could certainly stop in the space of three feet by reversing 
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the engines; but it would not be prudent to do so in less, as it mii^ht endao* 

!rer the lives of the persons on the vehicle by their being pitched or thrown 
orward. 

Have you turned your attention to the question by what mod^ tolls would 
be most fairly charged on such carriages? J have not turned my attention 
much to that subject. 

What is the horse power of your engine, according to the common model 
of calculation by engineers? About twenty horse power. 

On the Liverpool and Prescot road, the toll for steam carriages is as foK 
lows: for every carriage not drawn by horses, but propelled or moved by 
machinery, any sum not exceeding the sum of 1^. 6d. for each horse 
power: would you be able to run your coach, subject to a toil so high as that? 
We certainly should not be; able to run it to any advantage. 

What advantage in point of expense do you anticipate to the publio 
from the use of steam in propelling carriages over that by horses? I havo 
no doubt that when they arrive at tolerably practical state of perfection^ 
passengers will be carried the same distance which they are carried now by 
horses, at the same velocity, for one half of the expense; it may be even ai 
less than that in future. 

What mode should you suggest as the fairest for placing tolls on thoso 
carriages, by passengers, by the wheels, by the horse power, #r hy tbo 
weight? I should certainly suggest that the tolls should be levied by the 
number of passengers the vehicle carries, provided the breadth of the tires 
of the wheels be increased in proportion. As to vehicles for carrying mer* 
chandise, I think the tolls should he in proportion to the weight which such 
vehicles are capable of carrying — the velocity of the vehicle travelling on 
the roads not materially aflfecting the state of them. 

Many turnpike acts having passed this session, which place tolls on steam 
carriages, how would Parliament be able to adopt one principle of plaeing 
toll on the passengers? The proprietors of steam vehicles will always carry 
as many passengers as they can, and the greatest number of passengers that 
they are able to carry should be the standard at which the tolls should be 
levied. 

Supposing that, on two roads, the toll on a coach calculated to carry ei|^ 
tieen persons, was 2s. and on the other 3^. how would you propose that any 
scale should be adopted by which a toll could be introduced applicable to 
both those roads? My opinion is that the toll on steam carriages ought not > 
to exceed one half of the toll paid by other vehicles drawn by horses, bo* 
cause they do not injure the roads more than in that proportion, probably 
not so mqch, the tires of the wheel having been increased in proportioq. 

Your new carriage will be calculated for twenty-four persons — ^the avorage 
of coaches carry eighteen at their utmost — how would you proportion the 
tolls on your carriage and^n carriages drawn by horses? My opinion is, 
that it would be but justice that the steam vehicle in such case should not 
pay even more than one-half that which is paid by other vehicles carrying 
the same number of passengers; thefefore, supposing the average of coachd 
carried sixteen 'passengers, and that the toll charged upontl^em was S^., the 
toll paid by the steam vehicle, carrying twenty -four passengers, should bt 
1^. 4rf. 

What do you think ought to be the breadth of the tire of a steam carri^p 
calculated to convey sixteen passengers? Three inches. 
What do you think should be the breadth of the tire of a carriage 
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lated to convey twenty-four passengers? Not less than four inches; proba- 
bly it may be found advantageous to make the tire wider than that in prac- 
tice; I think it probably will. ' 

Do you think that steam carriages should be licensed to carry a certain 
number according to their power? I think they should. 

What do you mean by their power? It will be to the advantage of every 
steam coach proprietor to carry as many passengers as he can, giving each 
passenger sufficient accommodation, and he should have a license for that 
number and no mpre: each of the'passeneers should have the same quanti« 
ty of space allowed them as they have m the present vehicles drawn by 
horses; it is my opinion it should be the comfort of the passengers which 
should be consulted. 

. Should you have no reference in the license to the power, of the engine? 
I think not; because the danger does not increase^ as the power of the en- 
gine increases. 

How would you suggest that an equivalent duty should be placed on 
steam carriages, so as not to give them an unfair advantage over common 
coaches? I am not able to give any opinion upon that subject 

Can you give any reason why the same amount of duty should not be 
charged on steam carriages as is charged upon the present stage coaches? I 
cannot give any reason, except that I think it would be extremely improper 
to place such duties on steam vehicles, in their present infant state, as to 
crush so important an invention. 

Mr. Joseph OibbSy again called in, and examined. 

Have you any observations to make, in addition to your eviden<^e give^ 
last Wednesday? With a view of giving my opinion upon the best metho^ 
of collecting tolls from steam carriages, I will commence by stating that 
steam carriages can be constructed upon three several principles; my object 
being to show this honorable committee the difficulty in collecting tolls from 
steam carriages, except by the number of wheels, without stopping the pro- 
gress of that improvement in which they stand so much in need. Steam 
carriages can be constructed as follows: first, steam carriages which propel 
themselves, and carry the supply of water and fuel; likewise passengers and 
gOjpds; second, steam carriage^ which propel themselves, and carry the sup- 
ply of water and fuel, but draw the load after them in a separate carriage or 
carriages; third, steam carriages which propel themselves, and partly 
carry passengers, goods, fuel and water, and draw the rest in a separate car- 
riage or carriages after them. This will show the great difficulty of levying 
atoll upon the weight of steam carriages; as, for instance, 600 lbs. of water and 
100 lbs. of coke are requisite per hour on an even road, with a steam carriage 
as now constructed; but upon a road , abounding with hills, 1,000 lbs. of water 
and 160 lbs. of coke will be required. Now if the weight is taken when the 
water and fuel are one half diminished, say on the average 400 lbs. of wa- 
ter and 65 lbs. of coke, and the toll is levied upon the weight of the steam 
carriage, the carriages (being drawn) paying as ordinary carriages, the 
weight of water and coke can be transmitted to those carriages which pa(y- 
ing, not by weight but by the number of wheels, will of course receive an 
augmentation of from five to six hundred pounds additional weight. Like- 
wise the danger from explosion will be increased if tolls are collected upon 
the weight of steam carria&es, inasmuch as by loading the safety-valve to 
double the pressurey a carriage can be made to draw double the vre\^^ 

14 
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with only an alteration in the fire place, and an increase of watier, air and 
fuel; a diminution of weight will likewise take place to a considerable 
amount in the boilers Nand engines, although it is more essential an increase 
of strength should take place rather than any diminution. I can state a 
case in point I have a steam carriage now constructed, from which I could 
abstract 900 lbs. of iron without making it too weak to travel even on rough 
roads, but I should not be induced to do so except as a matter of economy 
in case the tolls are levied upon the weight, and at too high a rate. The 
steam carriage as used upon common roads, being an invention of recent 
datCj sufficient has not been done with them for practical men to decide what 
arrangements of machinery are best for their construction. It may be found 
hereafter that it is proper to place the engine in one carriage and the boiler 
in another, and blowing apparatus in another, all carrying other weights^ 
so that three distinct carriages (although they each carry only a part of a 
steam engine with them,^ yet if so arranged, and tolls are collected by the 
weight of the steam engine, the whole of th^se carriages would he liable to 
pay toll by weight I think that, in carrying heavy goods, it is more than 
probable the steam engine will be on a separate carriage, and the power trans- 
mitted to the hind axle of the carriage containing the goods, by means of 
a ^exible bolt or intermediate wheels, in order to obtain a slow motion of 
the carriage, the speed of the engities being the same; but does not this con- 
nect them, so that they niay be considered as one carriage, and liable to pay 
by weight? As it is probable that steam carriages or locomotive engines 
will be used for ploughing, or to draw the plough to it, the engine remain- 
ing ducing that time in its location, and only moving when the plough has 
completed its furrow, yet, in going and returning to the field, it may travel 
upon a turnpike road, and be subject to the toll of a steam carriage;, an en- 
gine of this description will be very heavy, and, unless a provision, is made, 
the farmer would be obliged ^to attach horses to it to prevent its being con- 
sidered a locomotive engine. It appears to me that the only method of 
collecting tolls is by payment (under proper regulation) on the number of 
wheels employed, and not on the weight of any part of the train, for if 
one part pays by weight and the other upon the number of wheels, the 
weight can be removed to a dangerous extent from the part paying by weight, 
and placed to an injurious extent upon the part paying by the number of 
wheels. I can well appreciate the difficulty the committee must have to 
contend with in coming to a just decision as to the best method of levying 
tolls. I have been a number of years constantly having new inventions 
under my consideration, as well as being the inventor of several patent in- 
ventions which are now in full operation: therefore, without presumption, I 
feel myself qualified to give an opinion. I have constantly observed that 
all new invented machines entirely change shape, dimensions, weight and 
general arrangement of parts as they proximate to perfection, so that the 
perfect machine could not be recognized, by persons unacquainted with the 
subject, as being intended for the same purpose as the original machines, yet, 
during all these successive alterations, the principle of the machinery re- 
mained unchanged. I make these observations to show the difficulty of an- 
ticipating the ultimate power and dimen/sions of locomotive carriages. 

Will you exemplify your proposition as to the payment of tolls, giving 

2 s. as the amount of the tolls for a carriage drawn by horses; what amount 

of to) }3 should be charged on the two following steam carriages, the one 

carriage to carry passeDgera on itself, and to weigh four tons; and mippos- 
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ing in the second, the engine part of the carriage to be separate, the encine 
carriage and the carriage drawn weighing together four tons, should a high- 
er amount of. toll be chargeable on the one steam carriage than the other? 
I think not 

Yet the one has four wheels, and the other has eight wheels? My opinion 
is, that it ought to pay the same tolls it does now, supposing they are of equal 
weight, the diminution of the horses being taken into account 

Then your proposition would be resolvable into charging tolls by weight? 
Of course; I contemplate that a regulation will take place, that only a cer« 
tain weight shall be placed upon tbfi wheels, and the width of the wheels 
will come under a regulation. 

Then it becomes absolutely a toll on weight? Not exacfiy so; I am only 
stating the limits I think they oifght' to carry. 

In the case stated on th^ one steam carriage carrying the passengers with 
the engine, and the second the engine being placed in a sepaVate carriage 
from that containing the passengers, both carriages being of equal weight, 
that of four tons; but in the one case there being eight wheels, and in the 
other only four, would you charge a different amount of toll on those two 
carriages? I would charge in proportion to the weight carried. In stating 
this, I conceive that there should be a maximum weight which steam car^ 
riages ought not to exceed. . « 

What should you suggest as the standard of weight? I have not turned my 
attention to that part of the subject, but I will do t(o if it is wished. 

Are you aware what the average weight carried in vans is? I have made 
inquiry from van proprietors, and find that they frequently carry six tons, 
including the weight of the van, but the average weight is about four tons, 
and the width of their wheels is from 2i inches to 2i inches. 

Do you anticipate that steam will be applied shortly for the purpose of 
conveying goods in vans? I believe it will; I contemplate the putting 
some vans on the road to be worked by steam* 

Will such carriages be on four wheels, or on any greater nuinber? I think 
it probable that they will be on a greater number than four wheels — ^from 
six to eight wheels. 

What do you conceive to be the maximum weight that ought to be placed 
on a wheel of three inches width? One ton and a half ought to he the utr 
most limit. 
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Mr. James Sione, called in, and examined. 

What are you? An engineer. 

Have you had the superintendence of Sir Charles Danee's steam carriage? 
Yes, I have. ^ 

Qn what road aoes it run, and how long has it ran on that road? It was 
running regularly from the 21st of February tc( ttie 22d of June, inclusive. 

During that period has any accident occurred? Yes, by the breaking of 
the axletree. 

Mention the nature of the accident? We supposed it broke in conse- 
quence pfan unusual quantity of stones laid down upon that part of the road 
uirt was always the most difficult to pasaorer: but qa «m4mX^^ "^^^^ 
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irarating of' the boiler, or any other thing took plae^, that occasioned any 
cinpIeasantneBs, or any thing like a serious accident as to injuring any per- 
iohs. We had several little stoppages from defective tubes, of which the boil- 
er is constructed; but nothing accrued from that, except merely stopping the 
progress of the Carriage. 

Was the carriage able to work with the axletree broken across? It 
broke about a mile and a half from Cheltenham, and it came back all the 
way to Gloucester, notwithstanding the, axletree being broken: one of the 
engines was able to work during that time, and, of course, having only one 
engine, when it came to a hill, the men were obliged to assist it over the 
centre, as there, was no momentum. 

Can you state, accurately, the weight qf the carriage? I cannot. 

As far as you have observed, is the injury done to the roads by the pass- 
ing of the carriage, greater' or less than that by a carriage drawn by horses? 
I think, takmg the horsey into the account, the injury must be much less; 
the tire of the wheels three and a half inches wide, whereas many of the 
tage coaches are as heavy as the steam carriage, and with narrower wheels; 
and I think it is only fair to take the weight of the horses into the account, 
Which I have found to be from eight to ten hundred weight each horse; con- 
sequently, four horses would weigh from a ton and a half to two tons. 

You. are answering now from theory— -you were directed to answer from 
observation? From observation,! do not think that the steam carriages in- 
jure the road so much from the wheels being wider. 

How frequently do you clean the tubes of the boiler? It would be neces- 
sary to clean them once a month; I should recommend that, but if they 
were actually cleaned once in three months they would not give away: it 
depends upon the quality of the water made use of. « 

Is there great facility in cleaning them? Very great; it is merely remov- 
ing oppsite the end of the orifice of the tube the screfW-bolt; it is only to 
withdraw the screw-bolt and introduce 'the cleaning rod. We are in the 
habit of blowing out the tubes every two or three days to cleanse them. 

What is the greatest number of passengers you have taken on that car- 
riage? Thirty-six. 

Thirty-six passengers and their luggage? Yes, but being a short atage^ 
there is never much luggage. 

What do you suppose is the greatest weight you could draw by that car- 
riage, at the rate of ten miles an hour? From forty to fifty hundred weight; 
it is found to be ^drawn much easier by dividing the weight into two carri- 
ages than taking it in one only. 

Do you work, on an average, iit half your utmost power of working with 
safety to the engine? I should think we did. 

Full half? Yes. 

Do you think more than that? It depends so much updn the state of the 
fire. 

The questionfwas, do you work, on an average, at ha|f your fiill power? 
Tes, I should think we did. The greatest weight we ever drew on the 
common road, at a rate of from five to six miles an hotir, was eleven tons. 

Is that merely by guess, or did you actually weigh? * By weight; we 
made the experiment on ther Bristol road. 

What should you suppose to be the weight of the drawing carriage? The 
W^jgfit of that was upwards of two tons. 
TA^r it df6w ate tfmeil itH dwn Weii^t? Tea, it didf the elereik tons I 
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-httre stated I included the weight of the drawing carriage; and Ijdid no 
consider that the maximum poweri at all. 

Did you ever try it at a leas relocity? No, because, in applying the 
greatest power, we confine both the wheels to the engine. 

Did you draw the nine tons with only the power of one wheel? Yes. 

Are you able, from the two circumstances you have mentioned, to say, 
that, at three miles an hour»you coiild draw considerably more weight? Yes^ 
I have no doubt of it whatever. 

On what breadth of tire was that weight drawn? I think the tire was 
five inches of the^propelling carriage. 

For what distance did you continue to draw that nine tons? A mile and 
a quarter. 

Did the iY>ad vary in its inclination? Yes, a little; the greatest elevation 
could not be more than one in twenty-five. . 

Did you ascend an inclination of one in twenty*five with that weight? 
Yes, we did. 

For what distance? From twenty to thirty yards. 

And, on the average of the mile and a half, and it an ascending or a des» 
cending road? It was both; there were little undulations in the road. 
. Can you measure accurately the power you are employing at any particu* 
lar time — have you any gauge? No, we have never applied one; I have 
conceived one, and am going to apply it 

The barometer tube? Yes, that is the one. I think it right to state, 
that the wheels were taken oflfthat measured five feet diameter, and others 
were substituted, measuring only three feet diameter. * 

Do you wish to have it inferred from that, that you employed, in both 
cases, the same amount of power? There must hav6 been a little more 
power with wheels of three feet diameter. 

Do you think you exerted your utmost power when you were drawing 
nine to6s? No, and for the reasons stated, that there was only one whed 
afBxedto the engine. 

May you not exert your utmost power upon one wheel, taking into con- 
sideration that the strain- is greater?. No, the wheel would slip round. 

Was the surface of the road on which you tried that heavy weight broken 
up, or in any way rough, to give a greater amount of friction? No, it was 
a good hard road. 

What proportionate charge do you make for conveying passengers be« 
tween Cheltenham and Gloucester! One shilling. 

What do the coaches charge? Half a crown me feur*horse coaches, and 
two horse coaches 2s. 

Travelling at the same speed, do you think you could charge in the same 
prmostion? Yes. 

There would be a saving to the public of more than one-half? Yes. 

Have you taken many passengers? Yes, a great number; from February 
to June, between three and four thousand passengers. I have a book 'con- 
taining an account of the number of minutes that each journey took. 

The committee have received a letter from the surveyor of the Glouces- 
ter and Cheltenham road, stating that there is a very great noise proceeding 
from this carriage? I have not heard that observation generally; there is a 
little. noise, but not much. 

:. With red hot burning coals falling on the road continually, or whenever 
the fire was moved? That has tdmi pUee when ticie %siBk i^\\\AS^\mk\k\Ns^^ 
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oijit, byt that is not nece^arf. The carrriage I have recently fitted up will 
not l/e subject to that. 

* You are of course aware that the letting coals drop is desirable to be ob- 
Viated? Yes^and that I have guarded against. 

lie also states few animals will pass it without being frightened; and of- 
ten the traveller was obliged to take his horses into the fields adjoining the 
road; and very many who did not use that precaution had been placed in 
ths most perilous situations; and that a gentleman's carriage in the neigh- 
borhood, was overturned from the horses taking fright at it? Yes, I have 
understood that; but that carriage has been overturned once or twice owing 
to the carelessness of the driver. I have seen the gentleman, and he did 
not think any thing of the accident, the coach turned round, and the coach- 
man jumped ofi*, but I never saw any thing bordering upon an accident dur- 
ing the time I was with it. 

lie states that persons have completely deserted that road? I have never 
known but one individual that has been against it at Gloucester; but I have 
. seen horses take fright at a stage coach and not at our carriage. In one in- 
stance, going out of Gloucester, we were just behind the stage coach, and a 
horse in a chaise coming past took fright at the stage coach, and when he 
came up to us he took^ no notice of us, and therefore, I am fully persuaded, 
that horses do not take more fright at us than at a loaded stage coach, from 
the observations I have made upon a number of experiments. 

Were there 14 inches of stone laid on the road at the time the accident 
happened of the breaking the axletree? Yes, it was; when the stones were 
levelled, they measured seven inches, but, at that time^ they were merely 
laid across the road, so that the carriage could not pass them without go- 
ing through them. 

Do you know that the passengers on the common stagecoach got out and 
helped the coach along? No, I do not know it: I only heard it, I do not 
know it 

Mr. Jame9 APJidanij called in, and examined. 

Are you surveyor of the Holyhead line of road?* As far as St Alban's. 

Have you the superintendence of any other portion of it? Of no other 
portion of it 

Have you had considerable experience in road-making, and superintend- 
ing roads? Yes, for the last fourteen years. * 

Have you made any experiments, or are you able to give any information 
to the committee, as to the comparative wear of .roads, or injury to roads 
by carriages and horses passing? I have generally found that horses' feet 
do very great injury to the surface of a well-made road; and I am of opinion 
that a carriage, with properly constructed wheels, does lesQ injury to a road 
than the horses drawing. • 

Would you explain what the operation of the injury done to the road is 
by travelling on it; is it the wear of the road, or the displacement of the 
materials? Both take place; the wheels, to a certain degree, wear out the 
material, but, upon a road properly constructed, and that has become con- 
solidated, and the surface smooth, that wear is very small and gradual; the 
injury to the road from the horses' feet, more especially upon gravel and 
flint roads, arises, particularly in dry weather, from the knocking up and dis- 
placing the materials upon the surface, and each succeeding journey adds 
io the evil, and were it not for the effect of thewtods ibUowing the horses 
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in mitigation of that eyil, we should have the flint and gravel roads all 
loose throughout the whole summer. 

But the wheels of the carriage do not actually follow in the track of the 
horses? But in roads of much thoroughfare, especially near the Metropolis, 
other carriages do. 

On the Metropolis roads, have you made any new regulations as to the 
mode of charging tolls by weight or otherwise? In the last act passed for 
the Metropolis roads, the toll was put upon the horse drawing, and a regu- 
lation as to the formation and breadth of the wheels expressly enacted, by 
which all wheels were required to be not convex, but a perfectly flat sur- 
face, with lio projecting nails; but, by the powers granted to' the commis- 
sioners in that ac^ that perfectly fiat surface was mitigated to a surface not 
exceeding a quarter of an inch from the fiat surface; to' meet the practical ef- 
fect arising from the wear of the wheels upon the road; and to prevent litiga- 
tion at the several gates, by applying a guage, a toll of 3d. per horse for 
each seven miles is payable upon a six-inch wheel so constructed; a quarter 
more upon a wheel so constructed of four inches and a half in breadth, and 
a half more upon a wheel less than four inches and a half. Those additions 
do not apply to stage coaches or carriages with springs. The toll upon all 
horses drawing carriages and coaches with springs is 3(L a horse for seven 
miles, whatever may be the breadth of the tire. 

You have had no reference to the weight of the carriage drawn in your 
rate of the tolls? There is no reference to the weight drawn in any wagon 
or such like carriage, provided the wheel is of the construction required by 
the act, and the result of some years' experience proves that no injury what- 
ever is sustained upon a well-made road, from any weight practically car- 
ried in wagons, or such like carriages, with wheels as described. 

Vou do not mean that the committee should infer weight is of no conse- 
quence, but that the power of the horse will be your guard against an over- 
weight being drawn? Yes; the toll being laid per horse, I consider that 
the penally in the shape of toll per horse, more than compensates for the 
injury done by« the weight. Before those regulations took place, the roads 
in truth sustained an equal pressure, from the well known fact that the 
weighing engines were universally compounded for by all the carriers, and 
that the roads, after these regulations, had no greater but even less 'weights 
to sustain than before that took place, and it was observing that fact, which 
induced the commissioners of the Metropolis roads to do away with all the 
weighing engines. 

Do you know whether the Holyhead road commissioners are trying to 
do away with the necessity of weighing engines? Upon the trusts, on that 
line of which I am surveyor, the trustees have done away with all the 
wdghing engines, and the happy result of compelling the wagons to set out 
and arrive upon the Metropolis roads with properly constructed wheels, has 
had the efiect of enabling the trustees upon all the roads within a circle of 
fifty to eighty miles, to dispense with the weighing engines; also, because if 
the wagons set out and arrive in the Metropolis district with a properly 
constructed wheel, it was not worth their while to alter it, but to travel 
throughout to Cambridge, Newmarket, &c. with the same wheel; and the 
benefit of the metropolis wheel has extended itself in consequence. 

Then supposing a broad wheel wagon with dished wheels was to pass 
through your turnpike, what rate would be charged? It would be charged 
the highest rate of a narrow wheeled wagon. 
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Have you heard any eomplainta from the wagon masters of the reguktton 
of the form of the wheel? On the contrary, a few dayssincei we had a peti- 
tion most numerously signed by the wagon masters from Norwich, Cam* 
'bridge, Newmarket, &c., requesting the trustees of the Wadesmill road to 
dispense with use of their weighing engine, they having found by experi- 
ence that the wheels required by the Metropolis commissioners, were not 
dnly best for the road, but the most advantageous for themselves to use, and 
inconsequence of that application, on Friday last, the only remaining en- 
gine on the roads of which I am surveyor, was ordered to be abandoned. 

Can you. state the weights of a loaded stage coach, and a loaded wagon, 
and a loaded van, on the average? I should state a stage coach loaded, at 
from two and a half to three tons; a wagon from five tons to seven and a 
half- 
Does that include the weight of the wagon? Eight tons would; I should 
think the weight of the vans about four or five tons. 

Have you observed the operation of wheels when they are dragged? 
Yes; they are injurious upon roads newly coated certainly, but upon an old 
road, I mean' a road that has become consolidated upon the surface, the in- 
jury, with proper skid pans is but small, and confined of course to one side 
of the surface of the hill. 

Do you think the efficacy of your toll in protecting the road is equally ap- 
plieable to a heavy van as a loaded coach? I think that the toll per horse 
will always be a sufficient guard for the weights drawn^ the van being on 
springs does infinitely less injury in proportion than such a weight without ' 
them. 

But if the injury to the road proceeds from the weight the horses have to 
draw, the same rate of toll would not be applicable to a carriage of two tons 
and one of six tons, bothbeins drawn by foUr horses? Certainly not; but 
that is a supposition hardly fair to be taken, because we conclude that the 
additional weight requires additional horses. 

But in practice the vans pass all through the country with only four horses, 
and the coaches equally with four horses? That is true; the coaches go at 
a much more rapid pace. 

Do you think that the velocity with which a coach goes, has any thing to 
do with the wear of the road, or is it not actually less injurious in propor- 
tion to its velocity? In some instances, where any blow takes place, the 
speed does more injury to the road by crushing the materials. 

You did not contemplate the general use of vans when that act was drawn 
up? No; not that they would come into such general use. 

What proportion of the injury to the road do you think takes place from 
the changes of the atmosphere; frost and wet, has it any material efifect? 
Yes, decidedly, in chalk soils in particular; at Royston, and through that 
country, a great and serious injury takes place upon the breaking up of all 
frosts, nor can we, by any care or attention orstrength of surface of the road, 
prevent that taking place; it comes in a very eccentrit manner, and breaks 
up one year at one part of the road, and another at anothier, occasioned in a 
great measure by the standing of the water in the sub-soil; and I suppose 
also, by the way in which the wind is at the time it freezes. It is the 
modern practice of road making to abstain from all general repair of *the 
roads from the middle of April until the middle of October; during that 
period, the only repairs that ought to take place are partial coatinrai, neces* 
sarjr from accidental circumstances. Aa aoon after the middle of October 
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Ml possible the general coating takes place in pieces of the road at a time so 
IS to interefere and interrupt as little as possible with general travelling, 
and we endeavor, by the month of February, to have the whole of the 
coatings put on; in no instance above a sixth part at a time. 

On your linci the committee find that the course of horizontal traction 
inries from 49 to 140; with these remarks, in the case of 42 << granite sur- 
fiiee of many years standing/' and the 140 << smooth surface road made of 
broken granite;'^ can you explain why such a difference should take place^ 
both being smooth surfaces? I am quite unable to* account for it; no coat- 
ings of dirt upon a granite road ought to have produced so great a difference. 
Have you witnessed the operation of a. carriage propelled by steam on 
tiie public roads? I have observed it; but in a small degree. 

Who was the proprietor of the carriage you noticed? I think it was Mr. 
Gurney's; I accidentally saw it. 

Then you only saw it once? Only once. 
. What was the state of the roads when you saw it? Tolerably good at the 
time; I saw it in the Regent's park. 

Were they in such a state you could make any observation upon the 
greater or less injury produced by it thah by a common carriage? I cannot 
my that my attention was directed at that time to that fact; I have not had 
ID opportunity practically of seeing the effect of steam carriages upon roads; 
there have been none used near us except passing down to Virginia water, 
Itt.; but not being brought into general use, I have not seen sufficiently the 
• rffect of their wheels upon roads. 

From the experiments you have before stated, what should you recom- 
^ nend should be the breadth of the tire of the wheel of a carriage with four 
wheels weighing four tons? I consider that a carriage of any description 
nquired to carry a great weight, five or eight tons, ought to have a wheel 
•ffour inches and a half in breadth, constructed agreeably to the clause in 
the Metropolis act; and I consider that a carriage with such a wheel, though 
currying an excessive weight, would do very little injury to the road. 

It has been stated by a previous witness, that a carriage of the weight of 
two tons propelled by steam, drew after it another carnage weighing nine 
tins; what should, from your experience, be the breadth of the tire oi the 
wheel of the propelling carriage and the carriage drawn? Looking solely 
^ to the welfare of the load, I should prefer a wheel of four inches and a half, 
flit on the tire, to any other class of wheel that can be made, being of opinion 
thit a greater breadth of wheel cannot at one time touch the surface of a 
well-formed turnpike road. 

Then you would prescribe that breadth as the minimum breadth of 
wheel for any weight? Yes; I do not think any increase of breadth would 
be of any service. 

Supposing two carriages, one drawn by horses, and the other propelled 
by steam, the weight of the steam carriage being four tons, and the weight 
cf the carriage draWn by horses being two tons, which would do most in- 
jury to the road, provided the breadth of the wheels were the same in both 
cues? I should prefer, with a proper wheel in both cases, the steam carri- 
age without the horses, because that question can only be answered with 
fefere'nce to the wheel. 

Then, in the case given, if the wheels of the steam carriages were four 
inches and a half, and the wheels of the coach two and a half, which i^ould 
do the greatest injury? The coach, decidedly, drawn by boxtsea^^^w^wJiJj 

15 
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two tons and a half, infinitely more; because I consider, that 'of ill cL 
thoroughfare at present^ the stage coach, as usually laden, does us the 
est injury. 

Can you suggest any mode by which tolls could be fairly charged on 
steam carriages in relation to the tolls charged on coaches? The moie 
adopted in coaches, of taking toll per horse as well as wagons, has ben 
found to answer every purpose, it being, in truth, a penalty upon weight 
If greater weight is put upon a wagon, a greater number of horses are ne- 
cessary to move it, and the parties bring the penalty in the shape of toll itt 
their hands. This cannot be applied to steam carriages, and I am at a loss 
to recommend to the committee any general mode, unless the diameter of 
the cylinder or power of the engine could be taken. In the Metropolis aet 
of 1829, there is a toll laid upon steam carriages; any carriage that shall bo 
in any manner drawn by steam or gas, shall pay the toll that would be paid 
by any carriage drawn by four horses. x 

If the power of the engine is equal to any number of horses, you only 
charge the same toll? The same toll. 

Then if a steam carriage drew another carriage after it, or two carrians 
after it, would it be two or three tolls, or one only? Two or three tolki 
where a steam carriage conveys passengers by drawing another coach, they 
would each pay the toll of four horses: this is a matter still in its iofancyi 
in many acts, such as the Lemsford mills act, a toll of half-a-crown was in- 
troduced for any carriage drawn or propelled by steam. 

Would not this inconvenience arise from the clause you have read in thi 
Metropolis tolls act; it would be a premiumgiven in favor of one description 
of steam carriage over another, though the injury done to the road might be 
in favor of the one less taxed, as in the case of a steam carriage carrying 80 
passengers, and anothet steam carriage drawing a carriage containing the 
same 20 passengers? In that case the toll would certainly be an unjust onc» 
and require revision; it was a point not settled, and it was put in merely 
to commence the toll, and call the public attention to it I beg leave to 
observe, that if these carriages come into general use, they would necessari- 
ly require a still greater perfection in the surface of our roads, and also in 
the levelling of the remaining hills; as good surface and little inclination if 
to them of the greatest importance. 

If that is the case, would it not be necessary to lay considerable rate of 
toll upon those carriages, for the purpose of affording the means of execo* 
ting those improvements? It is found, that lowering the hills, and improT* 
ing the surface of all the roads, is productive invariably of a great increaM 
of thoroughfare; and although lowering the hills might be attended with the 
first expense, any excitement that would induce the trustees of the roads te 
keep them in good order, would be at the same time productive of economyy 
a good tosid being always the cheapest. 

^ Do you not suppose, if those carriages were in general use, the very ae- 
tion of the wheels upon the roads would prevent the necessity of such fre- 
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constructed wheels, would be the class of carriages that would do the leaal 
injury to the roads. 

What is the greatest speed you have known a carriage drawn by hones 
to execute a given number of miles on your trust? , I once, by mere acd* 
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dent, came in the Leeds Union coach from Grantham, which is 110 miles 
from London; I got into the coach at three o'clock, and I was in London at 
lialf after one the same morning; that was at the time the Leeds Union and 
the Rockingham were racing the whole way up. 

Are you aware that Mr. Telford states in his report on the state of the 
.Holyhead roads, that three of the Birmingham coaches perform the journey 
of 110 miles in less than eight hours, without any accident, at the rate of 
thirteen miles and six furlongs an hour? I have frequently heard it stated 
upon the road, though I do not know it of my own personal knowledge. 

Have you any other observations you would wish to make to the com- 
mittee? I am not aware of any point. 

^ You do not think it will be necessary to limit steam carriages to any par* 
tioular number of passengers, provided the wheels were of the diiQ^nsions 
stated? If the wheels were of the dimensions and the description stated, I 
|hould, in reason, be regardless of weight, experience having completely 
proved, with properly constructed wheels, we sustain little or no injury 
Irom weight 

What is the maximum weight a road would bear upon each wheel? The 
injury done by weight uppn a road in a carriage with proper wheels is 
|irincipally, I might almost venture to say exclusively, to the new coatings; 
if the weight in such carriage is a crushing weight, as applied to the mate- 
nab with which the road is made, it does a very considerable injury, and 
therefore were steam carriages to become in general use, it would be a mat- 
ter of great importance, that harder material should, be introduced, that 
flint should take the place of gravel, and thal^granite or whinstone take the 
'^daee of flint, which is the principle acted upon by the commissioners of the 
Metropolis roads; but» upon a hard and well consolidate road, a very great 
weiffht may be sustained without doing compaditivelj^ any injury. 

When you state that if ^team carriages come into general use harder ma- 
terials ought to be used, you suppose that these^ steam carriages will be 
moch heavier than the carriages used at present^ Yes; I contemplate that 
th^ will carry much greater weights. 

y our answer does not apply to carriages that are of the same weight as 
those now used? No; but to carriages of the weight of eight or ten tons; 
when I spoke of the weight of from eight to twelve tons, I supposed a car- 
mkBd with four wheels. 

Upon tke present well constructed roads, what weight do you think could 
he put upon them without crushing them? I should not apprehend any in* 
junous result from the general use of steam carriages with properly made 
friieels, carrying upon an average from eight to ten tons. 

Your answer refers to roads that are so well made that the whole pressure 
shall be as that of an arch, but on the average of roads, such as shall be found 
in the country, would you give the same answer? No, certainly not 

Taking the average of any line of road for a great number of miles, where 
materials less capable of bearing weight must necessarily be used for a con- 
siderable proportion of that road, |what should you say is the maximum 
weight that should be allowed with reference to the preservation of that 
road on any one wheel of four inches and a half? Two tons. 

Have you ascertained that by experiment? I have not had an opportuni- 
ty of judging of it, except in all the wagons that depart from the Metropolis 
that are required to have the wheels constructed in the way I have describ- 
ed, iome of which carry eonsiderable weights. 
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Martit, «<* die SqptMtbris, 1831. 
Mr. John Macneil^ civil engineer, Daventry; called ini and exanunfd. 

State your profession? A civil engineer; I am at present the resident ni, 
assistant engineer, under Mr. Telford, to the Parliamentary commissiaiien 
on the Holyhead road between London and Shrewsbury, and Londoaiad 
Liverpool. 

What is the weight, of a coach, a van and a wagon, each carrying wh* 
would be considered an average load; state also the breadth of the tires af 
their wheels? The weight of four horse stage coaches vary from fifteen ewt 
and three quarters to eighteen cwt ; most of the Birmingham day andnidrit 
coaches weigh about sixteen cwt., and frequently carry, the night ooaeMi| 
in particular, upwards of two tons of goods and passengers, exclusive of the 
coach; yet, taking into consideration the number of times they travel witkle 
very light loads, I should say that from two tons five cwt. to two tons \tA 
cwt, including the carriage, would be a fair average weight during tktt 
year. The tires of the wheels are mostly two inches, but some of them- HVb 
less; those constructed by Mr.jBrown, and used on his patent coaches^ )nvt{| 
the edges chamfered ofi*, so as to give a fiat bearing of one inch and t haK || 
but from the peculiar manner in which those coaches are mounted with L 
springs, I am inclined to think the injury done to the roads by these wheeb L 
is not so great as it otherwise would be. Some coach wheels tiiat I kftTl L 
seen are rounded ofi*, so as to form in the cross section a segment of about L 
one inch and three* quarters in diametetfl The bearing in this case on tte l 
road, where the surface is hard%nd smooth, is reduced almost to a point, uA\ 
must be extremely injurous. The coachmen remark that carriages with\ 
8uch wheels run wild in descending hills in summer, but heavy in wintar, 
and when the roads are soft and muddy. The mail coaches weigh very 
nearly twenty cwt Some of them, the Holyhead coach for instance, fre- 
quently carries upwards of a ton of letters and parcels, independent of pts* 
sengers and their luggage. The average weight of the whole may proiiaUy 
be taken at two tons. Some others, the Liverpool day mail for instance^ 
travel very light, and probably will not average one ton and a half. The 
breadth of tire of mail coaches is two inches and a quarter; the four horn 
vans, which travel about six miles an hour, weigh on an average four toaa 
and a quarter, including the carriage; the breadth of tire of one which I mea-^ 
•ured was two inches and a half, but I am not prepared to say that this if 
the general size of such wheels; the horses used in these carriages are of the 
very best and largest description, which, added to so great a weight on nar- 
row wheeb, probably renders this carriage more injurious to the pobUe 
roads than any other description of vehicle at present employed. There 
are four descriptions of wagons in general use, the eight horse wagon, tht 
six horse wagon, the four horse wagon, and the farm wagon, which is drawn 
sometimes by two, three or four horses, according to the load. - The eight . 
horse wagons, though frequetitly weiring, with the load, seven tons, nij | 
probably be averaged at not more than six tons the year round ; the wbed 
IS nine inches in the tire, but, from a very improper plan followed in iti 
construction, the bearing on a hard solid road is only three inches, for theie 
Wheels are generally shod with three hoops of three inch iron, the centre 
one of which is of a greater diameter than the others, and projects full half 
Bii inch beyond them, which, on weak roads, such as in the neighborhood of 
Loadon, must be most injurious. I Vkwe measured one since I came to 
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London, which travels on the Bath and Bristol road^ the outer rim is coni- 
calj and can certainly never come in contact with the road surface, unless it be 
fBe,on which the wheel would sink two or three inches. The section of the 
wheel is represented in the following sketch: the six horse wagons, with 
\fMt load, generally weigh four tons and a half; their wheels are six inches 
wide, and of a better description than the former, though sometimes one of ^ 
,ibeir hoops projects beyond the other, as in the case oftne nine inch wheel;* 
; file four horse wagons, with their load, commonly weigh three tons and a • 
^^Itlf, their wheels are four inches wide, and are more upright than the 
Sthers^ and have a more level bearing on the road; the farm wagons, used 
h Northamptonshire, weighs, on an average, one ton one cwt, the breadth 
'af a wheel is three inches, and it carries from one ton to three tons, accord- 
^ingto circumstances, and lasts nearly twenty years. 

Do an average line of road of not less than 100 miles, on which, in many 

jblaces, materials of very inferior description must have been used, both in its 

ifcinnatton and subsequent repair, what is the maximum weight per wheel 

'rif not less than four inches width of tire,) which should be carried on 

: kind of carriage (carriage weisht included,) without risk of injury to 

road? On a road, such as here described, the injury will be considerable 

My wheel passing over it; but without a more defined statement of the 

Jtfiaotity and quality of the materials used, I do not think this question can 

'jpH^nswered with any degree of certainty* On all gravel roads, howevert 

tiljfide^ without a foundation or bottoming, I should say the weight, on a four 

'fjMi wheel, should not exceed fifteen cwt, and on a wheel less than that ten 

^0Kk on the generality of roads, throughout the country, I do not think it 

MwU be safe to run a carriage with almost any widthof wheel if the load 

^pDfdi eitceeded ten tons; in fact there are some bridges even between London 

ind Birmingham, that it would be running a risk to/j>ass over with a car- 

irilM weighing ten tons. . -> - 

:7Can you, from observation, say what proportion the breadth of the tire of 

j||ieels should be to the weight? The breadth of 'tire in. proportion to the 

^flchty will depend entirely upon the descriptton of road over which the 

Wnage passes; on such a road as that lately cqostrueted by the parliamenta* 

m eommissioners of the Holyhead and Liverpool roads, at the Higbgate 

ij^diway^ I have frequently observed wagons, carrying upwards of six tona 

(lasover it; the weight of each wheel on the road was then about thirty 

^^prt; and though the bearing of the wheels, from the cause I have before 

liatedy was not more than three inches,. the efiect produced was impercepti- « 

4I9. The pressure, in this case, was ten cwt on every inch, which is unques> ^ 

^ODftbly too.much for the generality of roads; but if we take the road from 

4#fidon to Shrewsbury, as a criterion to judge by, I should say that a wheel 

f^dit to be an inch in width for every ton Uiat a carriage and its load wouM 

iHieigh; and that if every carriage that now travels that road, was limited 

-I6I to exceed that proportion, the roads would be better, and maintained at 

•.cheaper rate than at present According to the average weight of coaches 

4ipd wagons, as before stated, I have calculated the following table, show- 

iOK the weight at present carried on each inch of bearing, and what I con- 

itova might be the breadth of the difierent wheels if they were made 

^jqflindrical with an even bearing, and in the proportion of one inch of width 

lir every ton including the carriage 
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8.29 
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Wagon 


2ito 3 


6 
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25.0 


2.77 


6 
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2ito 3 


4i 


6 


22.5. 


3.75 


41 


Ditto 

■ 1 ■ 


2i to 3 


3i 


4 


17.5 


4.37 


31 



State your opinion as to the relatiye wear of a road by two carriagesi 
both drawn by lour horses, one carriage of two tons weight, with two inch 
tires, the other four tons, with four inch tires? My opinion is, that the 
wear of the roads would in each case be the same, as far as it was affected 
by the wheels of the carriages, probably rather less, by the carriage carry- 
ing four tons, on four inch wheels, than by the carriage carrying two tons, 
with two inch wheels; but it must be recollected that both the carriages 
are supposed to be drawn by the same number of horses, and as the horses 
drawing the carriage of four tons, must use greater exertions than those 
drawing the carriage of two tons, lam of opinion that the aggregate wear 
of the road would bq more by the transit of the four ton carriage, than by 
thtft of the carriage Wibighing two tons. 

How would th^ foir(&gj>ing answer be affected by an increase or deiitease 
of velocity in either ;carriage? If the road over which the carriages are 
drawn be hard, solid aQd''9.mooth, I think there would be very little increase 
of wear from the. effect "6f.'j(he carriage wheels by an increase of velocity; 
but if the road should be opeven or rough, there would be an increase of 
irear, in consequence of the impetus or blow with which the wheels would 
strike the road after pa^ing-^over the inequalities in its susface, particular^ 
ly if the carriages were'^-made without springs; but whether the road be a 
good or a bad one, the wear/occasioned by the feet of the horses will be 
greater when they travel with an increased velocity: for a coach-hone 
which travels at the rate of ten miles an hour, works on an average 870 
miles in a month, and wears out in that time about four pounds of iron in 
shoes; whereas a wagon horse, which travels at the rate of three miles 
an hour, and works twenty-six miles a day, for four days in the week, goes^ 
on an average, 416 miles in the same period of time, and wears out 4.8 
pounds ,of iron. If the coach-horse travels the same distance, the wear 
would be six-sixteenths, which exceeds the wear of the wagon-horse one- 
thirty-sixth. In the same way might the relative injury caused by the 
-wheels of the wagon and the coach be ascertained. 

• What is the operation of the atmosphere on roads? Well made road% 
formed of clean hard broken stone, placed on a solid foundation, are very 
little affected by changes of atmosphere; weak roads, or those that are fin- 
perfectly formed with gravel, flint, or round pebbles, without a bottomint 
or foundation of stone pavement or concrete, are^ on the contrary, much at 
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fccted hj changes of the weather. In the formation of such roads, and 
before they become bound or firm, a considerable portion of the sub soil 
aixes with the stone or gravel in consequence of the necessity of putting 
th# gravel on in thin layers. This mixture of earth or clay, in dry warm 
seasons, expands by the heat, and makes the road loose and open: the con- 

auence is, that the stones are thrown out, and many of them are crushed 
1 ground into dust, producing considerable wear and diminution of the 
materials; in wet weather also, the clay or earth, mixed with the stones^ 
absorbs moisture, becomes soft, and allows the stones to move and rub 
against each other when acted upon by the feet of horses or wheels of car^ 
riages. This attrition of the stones against each other, wears them out sur- 
prisingly fast, and produces large quantities of mud, which tend to keep 
the road damp, and, by that means, increases the injury. 

Supposing the actual wear oi^ deterioration of a road to be represented by 
100, and that only coaches, vans and wagons have passed over it during any 
I given period, in what proportion would you estimate the effects; first, of 
atmosphere; secondly, of the carriage; thirdly, of the liorses? This ques- 
tion can only be answered in a general way; no two lines of road would. 
probably give results at all similar; much will depend on the manner in 
which the road is constructed, the materials of which it is composed, the. 
tare bestowed oh its drainage, and whether it be in an open siuiation or 
shaded by trees. If the road be properly made, and in an open situation, the 
.injury arising from the atmosphere will be little, compared with the actual 
IKBtr caused by the wheels of carriages and the feet of horses, probably not 
too per cent during the year; whereas, on weak roads in clay countries, 
^ every shower loosens the materials of which the road is composed, and 
' eaoaes considerable wear, perhaps thirty per cent, or' even more in some 
situations, where the road is shaded by trees; to get at something like an 
average proportion between the wear occasioned by horses' feet and the 
wheels of carriages, I have procured the following facts: the coaches which 
fan between London and Birmingham, require, an hundred horses on an 
average, to work the up and down coach; the horses are generally shod by 
contract, at about 2s, 6d. per horse per month; those near Liondon are much 
larger and heavier, and therefore require heavier shoes than those twenty 
miles out of London, and from thence to Birmingham; near London, in the 
flint districts, the wear of horses' shoes is much more than it is in the quartz 
^ ii and limestone countries. At Stony Stratford, the weight of the four shoes 
of a mail and stage coach-horse averages five pounds, and when taken off 
at the end of about twenty-eight days, they weigh very nearly two pounds; 
in this period, the horses run 252 miles. At Towcester, Weedon and Da- 
ventry, the weight of the new shoes is one pound and a half each, and, 
when taken off, weigh nearly three-fourths of a pound; the length of time 
which they remain on is about thirty days; this would give a wear of three 
! pounds per horse per month, but if the greater wear near London be con- 
' iidered, I think it would not be too much to allow the wear equal to four 
pounds per horse per month, which, for 100 horses for ten weeks, ^ould give 
I a wear of 1,000 lbs. of iron. The hind wheels of the coaches are mostly 
finir feet eight inches in diameter, and the front wheel three feet The width 
of tire, I before stated is about two inches, and when new, the thickness of 
the iron is three-quarters of an inch. These wheels are found to last from 
two to three months, according to the state of the weather, the workman- 
ship jsnd quality of iron, (about twenty years ago they did not last seven 
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days on an average;} suppose thfey how last; ten weekS| in that time the tire 
is worn down to one-sixth of its original thickness. This wouM be equal ta 
163.4 lbs. or 326.8 for both coaches; this would be to the wear of the hor- 
ses' shoes as 326.8 to 1,000, or as 1 to 3-1 4ths nearly; now if the injurr 
done to the road by the horses' feet and the wheels of carriages be esti« 
mated in the same proportiooi I think it would probably be near the actual 
effect produced; that is to say, the injury done by the wheels of fast coach- 
es is to the injury done by the hprses whicH draw them as one to three io 
round numbers. The euect produced by slow carriages and horses is differ* 
ent: a wagon drawn by four horses, which travels regularly from London 
to Daventry at the rate of three miles an hour, is worked by fifteen horses; 
,^he wagon weighs' twenty -five cwt. and carries, on an average, sixty-seven 
cwt. ; the hind wheels are four feet eight inches in diameter, and the front 
. ones four feet; the breadth of the wheels is six inches; they are nearly up- 
right but not cylindrical. The iron tire, when put on, weighs on the fors 
wh'eel, 285 lbs., on the hind ditto^ 396 lbs., making 621 lbs. When re- 
moved, the weight is on the fore wheels, 144 lbs., on the hind ditto, 16S 
lbs., making 312 lbs.; wear in five months, 309 lbs. The number of miles 
travelled in tbi^ time is 6,048; the shoes that are put on the horses employ- 
ed to draw this wagon, weigh, when new, from two pounds and a half to 
three pounds each; the average of a great many gave two pounds and three 
quarters, and when removed one pound and a quarter. They last from four 
to six weeks, according to the weather and state of the road; but we may aa» 
8ume five weeks as an average, and the wear in that time for each horse.six 
pounds, and for fifteen horses for fiye months, it would be 360 lbs. TImi 
proportion in this case would be as 309 to 360, or as one to 1.16, or nearly 
one to H on the generality of roads: therefore, I would say the proportion of 
iujury would be nearly as follows, when travelled by fast coaches: 

Atmospberiq changes - - 20 

Coach^wheels - - - 20 

Horse&f feet that draw them - . - 60 



100 



tnd when travelled by wagons : 

Atmospheric changes - • 20 

Wagon wheels - « - 35*5 

Horses' feet that draw them - - 44.5 



100 



What is the effect ol travelling by coaches and horses; whence, and in 
what proportion, does the injury or deterioration arise; the crushing of ma* 
terials; their actual wear; their displacement? If the wheels of carriages be 
properly constructed, and cylindrical, the friction, and consequently the 
wear on the surface of a well-made road, will be very little^ and there will 
be no injury from displacement of materials, except what may arise from 
the few surface stones that will sometimes be started out bv the feet of horses 
on steep hills, when they are obiiged*to exert a great K)rce to draw up a 
heavy load. When stones are thus thrown out on a hard and solid surface^ 
the wheels of heavy carriages will crush them, and cause an injury which 
would be much more than that caused by the actual wear of the wheels pas* 



^. 
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sins over the surface. If the roads be weak or elastic, and bend or yield 
under the pressure of the wheeh, the particles of which it is composed 
will move and rub against each other, or perhaps break by the action of 
heavy wheels over them. On such roads, I conceive the injury caused by 
steam carriages will be much greater in proportion to the injury caused by 
light carriages drawn by horses, than it will be on solid firm roads. In one 
instance, where an accurate experiment was made, the wear was found to 
be four inches of hard stone, when it was placed on a wet clay bottom, 
while it was not more than half an inch^ on a solid dry foundation, (form- 
ed as described in the report of the select committee on the Holyhead road, 
on the 30th May, 1830,) or with a pavement bottom, on a part of the same 
road, when it was subject to the same traffic. On the Highgate archway 
road before mentioned, the annual wear does not appear to be more than 
half an inch in depth. Now, as this road is very little affected by wet, in 
consequence of its peuliar construction, and the care bestowed, on its drain- 
age, I attribute almost the whole of the diminution of materials to actual 
wear. On many roads, where the sides are weak, great injury arises from 
the crushing of materials, particularly by the action of wagon-wheels. In 
frosty weather, weak roads very frequently suffer more inpne month than 
all the rest of the year. In such cases, the injury is caused by the wheels 
of carriages, and not by the horses' feet. 

If 30 lbs. be sufficient to move a carriage of 21 ^wt..8 lbs. on a level plat- 
form, little affected by friction, and 266 lbs. be required to move the same 
carriage up an inclination of 1 in 10, the pressure in the one case being 
exactly the weight of the carriage, 21 cwt, 8 lbs., what would be the pres- 
sure on the road, or platform, on the .inclination?^ — ^As the pressure on the 
horizontal is to the pressure on the inclined phne/^ the length of the plane 

^ ' w6 

is to its base,,we have this proportion, s/d^+p^ jihiiW: ^ = the 

pressure on the plane. In this example, waB2360. AssslCj^asl, which 

w6 " 

^*^^ (h% jLpt)i '^^^^^2ii2 «2349.5 lbs.;«tf loa lbs. less than the pressure 

; -•lOO+l 
on the horizontal. 

Taking twenty miles near London, 150 lbs. appears to be the average 
force actually engaged in drawing the carriage of 21 cwt. 8 lbs. including 
hills, would^he force required to draw a carriage of 42 cwt 16 lbs. be on 
an average 300 lbs. and so on in proportion? — the extreme traction of the 
carriage being 343 lbs. what, on this road,*would have been the maximum 
force required to draw a carriage of four tons weight? It does not follow 
that because a carriage is- twice as heavy as another, that its draught would 
be twice as much. The resistance arising from gravity on the inclined planes 
would, abstractly considered, be double, but that part of the resistance aris- 
ing from the friction and penetration pf the wheels into the surface materi. 
als, would much depend on the construction of the carriage, and its wheels, 
and the different sorts of roads over which it was drawn. In order to as- 
certain the average draught of a carriage of 42 cwt. 16 lbs. over the above 
road, I conceive that the friction of the surface or resistance opposed to the 
motion of such a carriage, should be ascertained on each description of 
road within the above limits, and then by knowing the rates of acclivity, or 
the amount of gravity acting on each, the average draughts might be ascer- 
tained, if the same carriage and wheels were used, but loaded so as to make 

li 
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up 42 cwt. 16 lbs. the average draught It might probably be calculated 
pretty nearly from the following table of experiments, which, as it may be| 
of use in the present inquiry, I here, beg leave to hand in; but it must be 
remembered that the proportions given in this table between the increase of 
weight and the^ increase of draught, will not be the same on every descrip- 
tion of road. I'o be enabled to answer the second part of the question, it 
will be necessary to know the rate of acclivity on which the draught of the 
carriage weighing 21 cwt. 16 lbs. was 34S lbs., and also to know the 
draught of the four ton carriage on the horizontal; but even then a difference 
might arise from the construction of the carriage, and the situation of its 
centre, of gravity. 

TABLE of Experiments made on the 28th January ^ 1629, immediately 

after a rapid thaw: the mud was full one and a half or two inches 

thick on the road at the time. ' 

« 

* ■ Table I. 



No. of 
Planes. 


Wa^n empty, 
wdght 1 ton. 


Half a ton in the wagon. 


1 tott 2 cwt in the wagon. 


1 


Down. 
30 


Up. 
99 


Down. 
45 


Up. 
145 


Down. 
58 


Up. 
210 


2 


64 


66 


ld5 


120 


125 


150 


3 


75 


8^ 


115 


120 


135 


155 


4 


75 


65 


105 


115 


135 


155 


5 


80 


S8 


105 


125 


135 


165 


6 


65 


98:; 

. A 


105 


135 


135 « 


170 



Neither the rates of acclivity, bjr the lengths of the planes^ were taken at 
the time, but it might still be donj^ if thought necessary by the committee, 
as the points are well ascertained. 

Experiments made on a horizontal timber platform in January^ 1629. 

Table XL 



Weight of the wagon 
and load. 



2,240 
2,800 
3,360 
3,920 



Powers required in lbs. 
to move it. 



29 

74 

104 

140 



Difference between 
empty wagon. and load. 



45 

75«* 
lll«« 



If 266 lbs. be required to move a carriage of 21 cwt. 8lb8. up an inclined 
j>]aoe of one in ten, what amount of weight would be required to keep the 
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carriage stationary, or to allow it to descend with the slowest possible mo« 
tion on the same inclination? — this question has reference to the injury done 
to the roads by "dragging*' I he wheels, and subsequently to the slow motion 
of the propelling wheels, of steam, carriages in descending hills. If the 
base of the inclined plane be 10, and its height 1, the length will be 

v^lO* + l*=v^l01s=10.05 nearly, and we have the proportion 10'65* 
:1 : : 2360 : 234*82 lbs. the weight which would be required to keep the 
carriage stationary if the surface of the plane was hard and smooth, and 
the mass collected in a point; but, as 266 is stated to be the moving power, 
the resistance arising from the friction of the surface, and the axle trees, 
would, in this case, be 31. 18 lbs.; it may be well to observe here, that the 
experiments made on inclined planes, as deCailed in the seventh report of 
Parliamentary commissioners of the Holyhead and Liverpool road, were 
not intended for any thing further than to get practical results, the descrip- 
tion of which could be easily understood by road surveyors and (heir assist* 
ants, and even by men in the habit of driving coaches. It could not be ex- 
pected that experiments made with a large unwieldy wagon, mounted with 
common axle-trees b^sm^ared with tar, could furnish |esults on which to 
found a refined mathematical calculation. I have, however, within these 
few days, commenced a series of experiments, with a small carriage con« 
structed on purpose, and furnished with a very delicate instrument for 
measuring the draught. From the little way I have as yet gone in th^ie 
experiments, I cannot furnish any details at present; but I think I am war- 
ranted in saying that a very great benefit. would arise in the saving of road 
materials, by the adoption oi a better i^ethod of hanging the coaches, in a 
manner, perhaps, something similar to gentlemen's carriages. Many of 
these weigh, when fully loaded, twostons, yet a pair of post-horses draw 
them, with apparent ease, the rate of ten miles an hour; and, on some parts 
of the road between London and Birmingham , where the road is tolerably 
level, at a much greater speed: some of the Birmingham and London coach- 
es travel .the same ground, at twelve miles, and sometime^ fifteen miles an 
hour. This velocity, however, may, in a great measure, be attributed to the 
level and perfect state of that road. 

The details of various kinds of steam carriages have been given to the 
committee; all act without propellers; without projection on the wheels, 
with cylindrical wheels; some with greater or less bread ih of «tire, even six 
inches wide; the power Is applied either by crank or wheels to one or two 
propelling wheels, according as greater or less force may be required. Some 
of the experimental carriages had three, some six wheels; all will have four 
wheels. Some have the engines in a separate carriage, and draw the load; 
some carry the load and engines on one carriage. JTaking the above cir- 
cumstances into consideration, which would be most injurious to a road — a 
stage coach, drawn by four horses, weight of coach three tons, horses two 
tons, breadth of tire two inches and a half; or steam coach, wheels four 
inches tire, weight four tqps; in both cases velocity ten miles per hour^ 
Taking for granted that the injury which a road sustains by the wheels of 
carriages and the feet of horses is proportional to the wear of iron on the 
Wheels and on the horses, and that the statement before given as to the actual 
wear pn each be found correct, I would say the injury done to the road by 
the steam carriage weighing four tons with four-inch wheels, would be less 
than that occasioaed by the coach weighing three tons, drawn by four 
horses. 
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Would it be beneficial or otherwise to the roads, that steam carriages: 
drawings heavy weights in carriages attached to them, should be substituted 
for wagons drawn by horses, supposing that the weight of the drawing or 
•>i;^opelling carriage should not in any case exceed the weight of the number 
of horses that would have been used to draw a corresponding weight, e g. 

Wagon - - - - 8 tons 

Eight horses, 15 cwt each - 6 ditto 

14 

On steam carriage - - 4 

Carriage drawn - - - 10 

14 ?— 



I am of opinion, that if the steam carriage and its accompanying carriage 
^e constructed with wheels of a proper width, and of the same diameter bb 
the wagon wheels, and travel with the same velocity, that the injury on 
well-made solid rosiifi will not be more than that caused^by the wagon and 
horses: in fact, if the proportion of injury before ^stated be correct, it will 
be less; but it must be recollected that weak roads suffer more than solid 
ones from the heavy pressure of wheels, and, in such cases, the steam car- 
riage and its tender would be more injurious. 

In descending hills, steam carriages can regulate their velocity by reducing 
the action or numl>er of revolutions of the wheels; this acts as a drag^ but 
with the advantage to a road that the wheel moves continually round; which 
would |be most injurious to a road, the descent of a carriage dragged as usual 
(not omitting the operation of horses' feet,) or the steam carriage dragged 
or regulated in the mode described? Not having seen a steam carriage de« 
scending a bill in th^ manner described (that is, regulated by the action of 
the engine on the wheel,) I cannot give a satisfactory answer to this ques- 
tion; but, as far as opinion goes, I should say that Uie joint action of the 
horses and drag would be more injurious than the steam carriage, the motion 
of which was regulated in the above manner, provided the wheels were of 
the proper width, and the total weight not greater than that of the coach 
and horses. 

Various local* acts have passed, placing excessive tolls on steam carriages—* 
it may be requisite to introduce a general bill, which shall, on such roads, 
place steam carriages on a fair equality (so far as their relative injury or 
wear of road, to common coaches on each such road; the toll on a coach on 
such roads may vary fron one to two shillings, according to local circum- 
stances, on a wagon in the same proportion; what standard of charge would 
you suggest for steam carriages? it has been stated to us, that one steam 
carriage has drawn a carriage containing a9 many as thirty passengers at the 
rate of even ten miles per hour, and nine tons weight at the rate of five 
miles per hour, but with smaller wheels, what regtilation would you sug- 
gest as to the breadth of tire, or should tolls be chargeable in inverse pro- 
portion to the bnjadth of tire? The toll which carriages propelled by steam, 
or by any other mechanical means, should be required to pay, ought, in my 
opinion, to be in proportion to the injury they would do to the roads com- 
pared with that done by the present description of carriages and the horses 
employed to draw them, without reference to the Veight or quantity of 
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goods carried; but, as I before stated, I do not believe an accurate estimate 
can he at present formed as to the injury that roads may sustain from steam 
carriages, compared with the rnjury done to them by coaches drawn by 
hprses. It may^ however, I think be safely assumed that the injury done to 
a road by a steam carriage would not be greater than that occasioned by a 
stage coach drawn by horses, the Weight of the engine and its load beinc 
supposed not to weigh more than the stage coach, together with its load ana 
horses. If this be granted, and an act passed limiting the width of wheel in 
a certain proportion to the weight carried, there would not be much difficul- 
ty in arranging a scale of tolls applicable to steam carriages, which would 
put them on an equitable footing with carriages/drawn by norses. If, for in- 
stance, a proportion, such as I have already mentioned be adopted, viz* that a 
wheel should be an inch in width for every 5 cwt it has to support, and a 
toll charged for each inch equal to the amount charged for a horse drawing 
in a carriage which travels with the velocity of the engine, it would, in my 
opinion, be a fair and equitable toll, at least for some years, or until a cor- 
rect proportion of injury was ascertained by experience and observation, 
when it might be altered or amended according to circumstances. This 
mode of charging toll would be extremely simple, and not likely to be mis- 
understood by toli-collectors, or to occasion any disputes; but there should 
be a heavy penalty attached to the proprietors of steam carriages if they 
put a greater weight on the carriage than the' wheels were intended to car- 
ry. If the engine, instead of canning the load, draws one or more carriages 
after it, the toll should be collected and charged on each carriage in a simi- 
lar manner as it is charged on the engine, that is, in propprtion to its wheels. 
An example will illustrate my meaning more clearly: suppose an engine, 
together with its load, to weigh nine tons (which is about the average weight 
of two Istage coaches, including the weight of the horses which draw them) 
to pass through a toll-gate where horses drawing coaches are charged 6d. 
each, the toll on the two coaches, would be 4^., and of the steam carriage 
As 6d. Suppose that the^engine, instead of carrying the load, draws a carr 
riage after it, and that the weight of the engine is five tons, withTive-inch 
wheels, and of the accompanying carriage, four tons, with four-inch wheels, 
the toll of the engine would be 2^. 6^/., and of the tender 2s., making 4«. 6d. 
as before. The only objection I can see to this mode of charging toll on 
steam carriages travelling over the turnpike roads, would be, that, in the 
event of their being able to carry a greater number of passengers at a cheap- 
er rate than the present description of carriages drawn by horses, it would 
lessen the amount of toll collected as a fewer nuniber of carriages would 
do the work, and many persons who drive their own horses would travel by 
them if found cheaper to do so; and this circumstance, although it would 
not affect the state of repairing in which the road was previously maintain- 
ed, it might lessen the value of prx)perty invested in the different turnpike 
trusts throughout the kingdom, which is a very considerable sum; but such 
circumstance^ should not militate against an invention likely to prove bene- 
ficial to the eotintry at large. 

Give your opinion on the probable extent of injury to roads from steam 
carriages? Generally speaking, I should say that the injury roads will sus- 
tain by the introduction of steam carriages will be much le^s than is com- 
monly supposed; but the actual amount of injury, or correct estimate of the 
comparative injury thiat will be done by a steam carriage, cannot, in my 
opinion, be formed at present with any degree of certainty* EnL^^tv^cw^^ 
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alone will decide the point The only danger, in my mind, that is to be 
apprehended, is the injury which roads may sustain by the possibility of the 
wheel which is acted upon by the engine, turning round without propell- 
ing the carriage, in which case the road would suffer considerably; and this 
would take place if a train of carriages were attached to the engine, the 
draught of which was more than the friction or gripe of the engine wheel on 
the surface of the road. As long, however, ds the weight is carried by the 
engine, and- not dra^n after it, nothing of this kind will take place even on 
our steepest hills. 

Have you communicated you conclusions on these subjects to Mr. Tel- 
ford? I have. 

Does he coincide with you? Quite so. 

You stated that the only probable injury to the roads from travelling of 
steam carriages, would be the slipping of wheels; woul4 it not be directly 
against the interest of the proprietor that the wheels should slip in any de- 
gree, there being a necessary loss of power every time they do slip? Clear- 
ly so. 

From your observations of the effects produced by heavy carriages drawft 
by horses in ascending and descending hills, what would be the effect, un- 
der similar circumstances, of a steam carriage of weight equal to the weight 
of the coach and horses? I am of opinion that the effect or injury to a 
road would be less by the steam carriage; for when hills exceed a certain 
rate of inclination, gravity overcomes the friction of the surface, and the car- 
riages, in descending, press upon the horses, unless a drag be applied to one 
of the wheels. This, in itself, injures the road, but not so much as when no 
drag is used, because the horses are then obliged to bear against the car- 
riage, and set down their feet very strongly: this often tears up the surface, 
particularly of vyreak roads. , The time that is lost by the coaches in de- 
scending some of the hills on the road between London and Birmingham, 
is full as much as is lost in ascending them, besides the imminent danger, 
even with the greatest caution, on the part of the drivers. If proper springn 
were used, the draught would be lessened, and of course the injury to the 
road would be much diminished. 

On every road there are numerous six horse wagons; you state the weight 
to be four tons and a half, the horses weighing four and a half more, mak- 
ing nine tons — should any objection be taken to a single steam carriage of 
this weight, or from nine to ten tons, provided the wheels be of a proper 
description? No; I think in the general state of roads, a steam carriage of 
from nine to ten tons could run with perfect safety, without injury to the 
roads, if it was constructed with proper wheels. 

The above question refers to a steam carriage carrying its load; if the en- 
gine carriage were of the weight of four tons, drawing a second carriage of 
. the weight of six tons, thus dividing the weight over eight wheels, would 
the. effect on the road be less i,njurious, provided it was four and a half tire? 
I think the injury would be less, provided the engine had the power to pro- 
pel itself, and draw a carriage with six tons after it, without a slipping of its 
wheels. . v ' 

Carrying this principle further^ if the load were divided into two car- 
riages, each to weigh three tons, thus dividing the load over twelve wheels, 
would not less injury still be done? Decidedly; particularly on weak 
roads. 
Jf, under these circumstances^ you can diminish the pressure on the road by 
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multiplying the number of wheels, should not care be taken so to frame 
the tolls to be levied as not to discourage the use of those steam carriages, 
whose greater number of wheels could be least injurious to the roads? 
I think that would be regulated by the mod^ I have suggested of charging 
toll. 

Have you seen Mr. Gkirney's carriage, and examined its effect on the 
roads? I have seen it 

What state were the roads in, at what velocity was it going, how inany 
persons did it carry, and what was its weight? I do not know the weight 
of the carriage, there appeared to be eight or ten people on and about it; 
the road on which I saw it was excessively bad, one of ihe worst in the 
country; the velocity was probably five or six miles an hour. 

Were there other loaded carriages passing along the road at the same 
time? Several; both coaches and wagons. 

Did you remark the effect of the steam carriage on the road, to see that 
it did less or greater injury than the other carriages? I could not perceive 
any difference. 

If there had been any great difference, you would have perceived it? As 
far as leaving a track behind, which would have been perceived, I could not 
ascertain the amount of injury: it was nothing more than that done by com- 
mon coaches. 

Do you think it essential that the wheels of steam carriages should follow 
in the same track, provided they have a proper breadth of tire? Not at all 
as regards the injury to the road; it would require more power to work them 
if the wheels did not follow in the same track. 

Supposing the steam carriages, either the propelling carriage and the 
carriage drawn, or the engine carriage carrying the passengers, were gener- 
ally to be four tons, whatwogld you recommend to oe the minimum breadth 
of tire to either of the carriages? In the present st^te of steam carriages, 
as applied to the working over turnpike roads, I should say you might limit 
them to not less than four inches for a few years. 

Supposing their average weight never exceeded from six to eight tons, do 
you think four and a half would be a safe minimum? I am inclined to 
think it would be rather too little. 

Do you think it would be necessary to make any alteration in the form of 
the present line of turnpike road for the facility of working by steam? I do 
not think it would be absolutly necessary: it would, however, be of great 
benefit to the country and every person in it, if the hills on the present lines 
of road were more reduced, and the surface strengthened. No road should 
have a greater ascentthan one in thirty or one in thirty -five; in almost every 
instance the expense would be saved in horse labor in a few years. The fol- 
lowing table will show pretty nearly the increase of expense in transport^ 
ing goods by stage coaches drawn by horses up planes of different rates of 
ascent. Roads in general have, in some parts, steep ascwits; one in fifteen 
betVreen this 'juid Birmingham, for instance, is too much on a road of such 
traffic. TW surfaces are not so good generally as they ought to be; the 
roads should bior strengthened, either with a pitched bottoming of stone, or a 
concrete mass, siidi as the Highgate archway, or the new road near Coventry. 
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TABLE. 

Expense qf drawing one ton over one mile ai different rates of acclivity^ 

V ^ by a sfage coach and wagon* 



Pour-horse stage •coach, average velo- 
city 10 miles per hour. 



Wagon, four horses, average velocity 
2i miles per hour. 



Ratesof acdivitj. 


Pence and dedmals. 


Rates of acclivity. 


Pence and dedmalB. 




d. 




rf. 


1 in 10 


.77-24 


1 in 10 


52-07 


1 in 15 


57-78 


1 in 15 


28-70' 


1 in 20 


. 50-47 


1 in 20 


22-83 


1 in 30 


4415 


1 in 30 


18-55 


1 in. 40 


41.25 


1 in 40 


16-79 


1 in 50 


39-56 


1 in 50 


15-82 


1 in 60 


38-46 


1 in 60 


15-20 


1 in 70 


37-68 


1 in 70 


14-77 


1 in 80 


37-09 


1 in 80 


14-46 


1 in 90 


36-64 


1 in 90 


14-22 


1 in 100 


36-28 


1 in 100 


14 04 


1 in 150 


3519 


1 in 150 


13-46 


1 in 200 


34-64 


1 in 200 


1318 


1 in 300 


34-09 


1 in 300 


12-91 


1 in 500 


33-65 


1 in 500 


12-69 


1 in 1,000 


33-32 


1 in 1,000 


12-53 


Horizontal 


32*98 


Horizontal 


12-36 



What would be^the difference of expense of pavement, and forming a good 
granite road,'tn the neighborhood of London; say twenty miles? If you 
take twenty miles, and also take the repairs of the roads for twenty years 
into account, I should say paving would be the cheapest. The great defect 
of all the London pavements arises from want of a strong and firm founda- 
tion. In Fleet-street, and some others, this has been partly accomplished 
of late, but certainly not as perfect as it niight be. If on the road from this 
to Birmingham there was a portion laid off on the side of ^he road for steam 
carriages, which could be done without difficulty, and if it be made in a 
solid manner with pitching and well broken granite, it would fall very little 
short of a railroad. My only reason for keeping it distinctifirom the other 
road, is the evident injury every road sustains from horses trivf<31ing over it 
and breaking up the surface, and the steam carriages wQuld be able to^ go 
with greater velocity if they were not interrupted witli. droves of cattle; 
besides, it would be easy to fence it off from fifteen to twenty feet, without 
injury to property; and the expense of making a solid road of twelve or 
fifteen feet would not be very considerable. . . "i 
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But have you any doubt whatever that 9team carriages caD be brought into 
practical use, with great benefit to the public, even on the present lines of 
turnpike roads? I am quite convinced they can. 

Would the wear of such roads as you have described be much affected by 
the greater or less velocity of the steam carriages? It would be hardly 
affected at all, on a good road, by increased velocity; if any thing, perhaps 
fatherless. 

Do you propose in your scheme of toll that weight should be the basis of 
toll, but that the wheel be an index to the weight? Y$a, that is the princi- 
ple on which I have suggested the scale of tolls. 

How would you check the frauds of proprieton of steam carriages by 
their placing a greater weight in proportion to the breadth of tire? I conceive 
the use of the steam carriage would be for passengers solely and their lug- 
gage: if the weight was ascertained in the yards at London, Birmingham, 
or Shrewsbury, the intermediate trafic would differ very little, for persons 
going short distances would go by the coaches as at present 

Would you suggest that a license should be granted to steam carriages, 
limiting the number of passengers they should take in proportion to the 
breadth of tire of the wheel? I think it would be quite as much as the road 
trustees could, expect; and by marking in large characters the width of 
wheel on the carriage, it would be a great preventive to the proprietors 
altering the wheels. 

Do you think that, considering the infant state of this invention, that the 
road trustees would practically suffer any great injury or inconvenience by 
merely, for two dr three years, placing steam carriages, whatever weight 
■they may be, on a level with ordinary carriages, with reference to the toll 
charged for them? Considering the present imperfect state of steam carriages 
for turnpike roads, I think it would do no injury to road trusts if such a 
regulation was adopted. 

Would you place steam wagons on the same footing as wagons drawn by 
horses? Yes, provided the wheels are made, as I described, in proportion to 
the weight; there should be the same toll on a wagon drawn by steam as a 
Wagon drawn by horses, that is, the width of wheel should be charged per 
inch as the horses are now charged. 

Should a steam wagon be licensed^ as to its weight, in the same manner as 
t steam coach? I think just the same. 

Did you condiict the experiments made on the Holyhead road as to the 
force of traction required on different inclinations? I did. 

Were they carefully made or otherwise? They were carefully made as 
&ras the materials would allow; the wagon, was a very large one, with 
common axle-trees; the result in some cases differed from two to three 
pounds; on the whole, I should say the results stated in that report do not 
exceed in any case five pounds beyond what they would be found if proved 
by the best practical instruments, and are confirmed by my subsequent ob- 
servatjkms aind experience. The object we had in vjew, by these experiments, 
was tvtiibow to the trustees and the surveyors of the roads, that a road might 
appear a very good one, and still not be one adapted for traffic. By these 
means they have perceived the defective parts in the road; and within.three 
months after the report of the Parliamentary commissioners became public, 
there was not a hedge on that part of the road where the draught was shown 
to be excessive, that was not cut down^ and improvements made on the sur- 
faee. 

17 



ISO [ Doc. No. 101. ] 

When you followed Mr. Gurney's carriage, did ypti perceive that any 
horses were frightened, or any inconvenience arose to passengers on the 
road? I did not perceive the least inconvenience. I saw several horses pass, 
both gig and saddle-horses, also coaches, and not one took the least notice 
of it. 



Penerisj 9° die SeptembriSy 1831. 
Colonel ToBRENS, a member of the committee^ examined: 

Have you considered the effect which will be produce/i upon British agri- 
culture, by substituting, on common roads, steani carriages for carriages 
drav^n. by horses? I have. 

What do you conceive that effect would be? I think it would produ^ 
very beneficial effects upon agriculture. 

State your reasons for believing that agriculture will be benefited by sub- 
stittiting inanimate for animal power, consuming the produce of the soil? I 
conceive that agriculture is prosperous in proportion as the quantity of pro- 
duce brought to market exceeds the quantity expended in bringing it there. 
If steam carriages be employed instead of carriages drawn by horses, it will 
be because that mode of conveyance is found the cheapest. Cheapening the 
carriage of the produce of the soil must necessarily diminish the quantity of 
produce expended in bringing a given quantity to market, and will there- 
fore increase the nett surplus, which nett surplus constitutes the encourage- 
ment to agriculture. For example, if it requires the expenditure of two 
hundred quarters of corn to raise four hundred, and the expenditure of one 
hundred more on carriage, to bring the four hundred to market, then th^ 
net surplus will be one hundred. . If, by the substitution of steam carriages, 
you can bring the same quantity to market, with an expenditure of fifty 
quarters, then your net surplus is increased from one hundred to one hun: 
dred and fifty quarters; and consequently, either the farmer's profit or the 
landlord's rent increased in a corresponding proportion. There are many 
tracts of land which cannot now be cultivated, because the quantity of pro- 
duce expended in cultivation and in carriage exceeds the quantity which 
that expenditure would bring to market. But if you diminish the quantity 
expended' in bringing a given quantity to market, then you may obtain a 
nett surplus produce from such inferior soll^, and consequently allow culti- 
vation to be extended over tracts which could not otherwise be tilled. On 
* the same principle, lowering the expense of carriage would enable you to 
apply additional quantities of labor and capital to all the soils' already under 
cultivation. But it is not necessary to go into any illustrative examples to 
explain this, it being a well known principle, that every improvement which 
allocs us to cultivate land of a quality which could not previoui^;^- J!ie culti- 
vated, also enables us to^sultivate, in a higher manner, lands ^Iread^^i^der 
tillage. '■•'\A'^-f' 

If horses were displaced from common roads, would, not the' demand for 
oats,^.beans, and for pasture, be diminished, and land thereby b^ thrown out 
of cultivation, and labor out of employment? If steam carriages were very 
suddenly brought into use, and horses thereby displaced, I think the effect- 
stated in the question would be produced for a time; but, practically, steam 
carriages can be introduced only very gradually, a^d. the beneficial effect 
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upon the profits of trade, by bringing agricultural produce more cheaply to 
market, will tend to increase protits, to encourage industry, and to enlarge 
the demand for labor; so that by this gradual process there will probably be 
DO period during which any land can actually be thrown out of cultivation, 
the increasing population requiring all the food which horses would cease to 
consume. With respect to demand for labor, that demand consists of the 
quantity of food and raw materials which can be cheaply obtained; and as, 
by the supposition, the displacing of horses will leave at liberty more food 
and more material, the demand for labor will ultimately be greatly increas- 
ed instead of being diminished. It has been supposed, I know not how 
accurately, that there are employed on the common roads in Great Britain, 
one million of horses, and a horse, it is calculated, consumes the food of 
eight men. ^ If steam carriages could ultimately be brought to such perfec- 
tion as entirely to supersede draught horses on the common roads, there 
would be food and demand for eight millions of persons. *But when we 
^ take further into consideration, that, lowering the expense of carriage would 
enable us to extend cultivation over soils which cannot now be profitably 
tilled, and would have the further effect of enabling <}s to apply, with a 
profit, additional portions of labor and capital to the soils already under 
tillage, I think it not unfair to conclude, that* were elementary power on the 
common roads ^completely to supersede draught horses, the population, 
wealth and power of Great Britain would at least be doubled. 
■ There are soils Which are stated to be so poor, that oats alone can be rais- 
, ed upon them — ^would not the substitution of steam' for horse power have the 
[ cfiect of thrpwing out of employment the labor required for the cultivation 
k of such lands? If there are soils of such a peculiar quality that oats is the 
f only marketable product which they will yield, the persons employed in 
! cultivating those lands would certainly be thrown out of that particular 
occupation; but the extension of tillage over other lands not of this pe- 
' culiar quality, would create a demand for labor which would much more than 
ibsorb the persons thrown out from the culture of oats upon that land which 
would grow nothing else. But I doubt of there being any land which it is 
. profitable to cultivate, which would not raise some other agricultural produce 
than oats either for man or cattle, for which the increasing population would 
create a demand. 

The general impression on the minds of the c^ommittee is, that steam car- 
riages will, at least for the present, rather be substituted for horses used in 
conveying travellers, than for the conveyance of bulky articles. Do you 
think that the substitution of steam in this manner will be injurious to agii- 
culture, and to the demand for labor without any adequate compensating ad- 
▼uitages? Upon the case supposed, namely, that steam carriages should be em- 
ployed in conveying passengers only, and the whole change to be affected in a 
Aidden manner, I think that there would, in the first instance, be a diminish- 
ed demandJor agricultural produce, but the following process would take 
pIacc^.vflHM}b demand for agricultural produce was diminished, the price 



of 8(rcnC|npai!ee would fall, food would become cheaper, and the cheapening 
of food w^iiid;;benefit partly the laboring class and partly the capitalist — the 
one obtain^i)^ higher real wages, and the other higher profits; this inA*ease 
in real' wages and profits, would effect a great encouragement to manufac- 
turing industry, and would necessarily lead to an increase in the manufac- 
faring population, and to the amount of capital employed in manufactures. 
The consequence would be, that, after some d^ree of pressure upon agricul- 
ture, the increased naoiber of human beings would cieaAib \^Q^^m^ ^^xcaxi^ 
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for agricultural produce which the e mployment of horses formerly created. 
So that even upon the extreme and most improbable supposition that Bteam 
carriages should never be employed in conveying agricultural produQeto 
market at a cheapeir rate, still the benefit to the country would be very great, 
inasmuch as we should have a vastly increased industrious population, and 
England would become much more extensively, than she is at present, the 
great workshop of the world. In point of fact, superseding horses by me- 
chanical power, would have precisely the same efiect in increasing the pop- 
ulation and wealth of England as would be produced were we to increase 
the extent of the country by adding thereto a new and fertile territory, 
equal in extent to all the land which now breeds and feeds all the horses em- 
ployed upon common roads. Such addition to the extent of fertile territory 
m England, suddenly afiected, woQld, in the first instance, lo^er the value 
of agricultural produce, and be injurious to the proprietors of the old por- 
tion of the temtory, but no person would, therefore, contend that if we 
could enlarge the island of Qreat Britian by additional tracts of fertile land, 
the public interests would be injured by such enlargement: this would be 
monstrously absurd. It is not less absurd to object to the increase of food 
available for human beings, by substituting mechanical power for horses. 

In addition to the advantages you have already anticipated from the in- 
troductioti of steam conveyance, would not the increased speed and cheap- 
ness of intercourse occasion vast public benefits in which agricultural capi- 
talists and laborers must greatly partake? Certainly. 

As it is impossible to conceive that steam should be generally substituted 
for horses, and be confined only to the conveyance of travellers, and, as it 
would necessarily be emplo}'ed as vans and coaches are at present, for the 
speedy conveyance of light goods as well as travellers, (by the hypothesis 
steam carriages being cheaper than horse draft, or it would not be used,) 
would not such cheapening of the conveyance of such goods have a consid- 
erable efiect upon the demand for them, And thereby for labof and. food? On 
the principles that have been already stated with respect to agriculture, .the 
eost of bringing all things to market is comprised of the cost of production 
and the cost of carriage. Reducing the cost of carriage is precisely the 
same thing in its efi*ects as reducing the immediate cost of production, con- 
sequently the conveyance of light goods by steam power must cheapen all 
such goods to the consumers. This will necessarily enable them to con- 
sume a greater quantity of such goods, and the consumption of the greater 
quantity will enlarge the demand for labor, call a larger manufacturing popu- 
lation into existence, and thereby re-act on agriculture by increasing the de- 
mand for food. This cheaper mode of internal carriage will not only lower 
the price of light and refined manufactures to the home consumer, but will 
lower their/price ako to the foreign consumer. This will increase the advanta- 
ges which we at present possess in the foreign market, and tend to increase our 
foreign commerce. So that here again there will be an incr^au||igdemand 
for manufactures and for a manufacturing population, and her§.i^^^p^ll be 
another beneficial re-action upon the soil. So that the more if^e c<^tentiplate 
the various eflects produced upon the industry of the country byia cheaper 
modeT of conveyance, the more we must be convinced that Wealth and 
population will be increased, and that agriculture, instead of being injured, 
must necessarily partake in the increased prosperity of the country, in ad? 
dition to what I have already stated, the saving of expense and of time in 
conveying passengers 2Sii gocNls^and the rapidity of copimunication, will pro- 
duce ^eciSj tlie amount of which it wbuid VmalmQillrtnr^ssible to calculate. 
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APPENDIX. 



APPENDIX A. 
t/inswers to queries submitted by the committee to Mr. John MaeneilL 

QuERT 1- What is the greatest weight, in proportion to its own weight, 
wliich any locomotive steam engine has been found capable of drawing upon 
i railroad, and at what velocity? 

la the first edition of Mr. Nicholas Wood's Treatise on Railroads, pub- 
lished in 1825, he states that a locomotive engine, weighing 6i tons, and 
containing one ton of water, equal to Ih tons, dragged twelve loaded car- 
riages, each weighing 9,408lbs., up a plane ascending 134 inches in 1,164 
feet, and also the conveying carriage, weighing li tons, the wheels not 
dipping, the rails dry. 

.lie also gives the following experiments made on the Eillingworth rail- 
roiid: The length of plane was 2,260 yards, with an ascent in one direction 
of 6 feet 5 inches, not uniform, varying from a dead level, or slightly un- 
dulating, to an ascent in one place of 1 m 330. Edge rail, 2i inches broad 
on the surface; carriages all the same con^struction, weighing 81i cwt. each, 
wheels 34 inches diameter, axles 2| inches diameter. 

Experiment 29. 

Wheels, three feet; nine carriages, weighing 731icwt., were drawn up 
the plane fourteen times in 317 minutes, and fourteen times down tlie plane 
in fiSS minutes; distance traversed, 36 miles in 9 hpurs ^5 minutes; coals 
eonmimed, 2,534 lbs.; water, 890 gallons. 

Experiment 30. 

Wheels, four feet; nine carriages, weighing 731i cwt., were drawn up 
the same plane nineteen times in 302 minutesy and nineteen times down the 
plane in 265 minutes; distance traversed, 48.8 miles in 9 hours 27 minutes: 
•oala consumed, 2,534 lbs. ; water, 854 gallons. 

Experiment 31. 

Wheels, four feet; twelve carriages, weighing 975. cwt, were drawn up 
the plane nine times in 155 minutes, and nine times down in 133 minutes. 
Distance traversed, 23 miles in 4 hours 48 minutes; coals consumed, 1,546 
lbs. ; water, 452 gallons. 

Experiment 32. — {With a different locomotive engine.) 

Wheels, three feet; nine carriages, weighing 731icwt., were drawn up 
the same plane ten miles in 212 minutes, and ten times down in 180 minutes. 
/Distance, 26 miles; time, 6 hpurs 32 miautes; coals consumed, 1,487 lbs.; 
water, 490 gallons. 
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Experiment 33. 

Wheels, four feet; twelve, carriages, weighing^975 cwt , were drawn up 
the plane five times in 45 minutes 48 seconds, and five times down, in 40 
minutes 26 seconds. Distance each journey, 2,002 yards.. Total, 11.375 
miles; distance passed over in the above time 1,663 yards each journey, or 
9.45 miles; time, 1 hour 26 minutes 14 seconds; coals consumed, 587 lbs.; 
water, 200 gallons. 

' In this experiment, the engine was allowed to traverse a given space, to 
put the train of carriages into their proper velocity before the time was 
noted; the time was then marked until the velocity was again checked at 
the farther end of the stage. . This will explain the difierence between the 
two distances stated in the experiment: the one was the whole distance^ 
from the commencement to the end of the stage; the other was that part of 
the stage which the engine passed over when the regular velocity was ac^ 
quired, and before it was again diminished at the end of the stage, to stop 
tne train; the time given, was that which transpired while the eneine was 
passing over that space, while the velocity was uniform, and may merefort 
be taken as a measure of speed. 

At page 281, Mr. Wood states: Upon a railroad near Newcastle, a loco* 
motive engine, in fifty-four weeks, conveyed 53,823 carriages of coals, each 
weighing 9,438 lbs., 2,541 yards, and returned with the same number of 
empty carriages, each weighing 3,472 lbs. This was in fifty -four successive 
weeks; and, in that time, exclusive of Sundays, the engine, from want of 
goods to convey, was at' least twenty days on work; so that in 304 days^ 
thQ performance was 446,815 toas conveyed one mile; or 1,470 tons one 
mile each day, on a stage only 2,541 ;^ards. The engine had three feel, 
wheels, which were calculated for a rate of about 4i miles per hour. 

Mr. Rastrick, in his report to the directors of the Liverpool and Man- 
Chester railway, dated January, 1829, gives the following table of the ab- 
solute quantity of work done by five difierent locomotive engines, when 
reduced all to the same standard of five, eight, and ten miles per hour. The 
carriages proportioned to the weight of goods, in the same ratio as they wera 
proposed for the Liverpool and Manchester railway, and also of the work 
that the ten-horse engine, proposed by him and Mr. Walker, would be ca« 
pable of doing: ' 
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The engines started for the premium of £500^ on the Liverpool and Man- 
chester railway, in October^ 1829, were the Rocket^ Noteliy^ and Sans 
PareiL 



The Rocket weighed 

tender, with water and coke 
two carriages, loaded 



Sam PuretY— weight of engine 
tender, with water and Tuel 
three carriages 



ft- 



^Novelty — weight of engine with > 

water in the boiler > 
tank, water and fuel - 
two carriages, 



4 5 

3 4 
9 10 



* 2 
3 26 



17 - 


tf 


4 15 

5 6 
10 19 


« -1 
3 - 
3 - 


19 2 


^ 



--Full speed, 30 miles 
in 2h. Hffl.Ss., equal to 
13J^f per hour; back, 30 
miles, in 2h. 6m. 9s.; 
equal to 14^% per hour. 



-•Full speed, lOi miles 
in 50m. 49s. equal to 
12j^ per hour; back, 
12 miles in 40m. 278.; 
equal to 15^'^ per hour. 



3 1 - - 



- 16 
6 17 



- 14 



10 14 - 14 



- Total time, 22m. 57s.; 
and distance run, 4} 
miles. 



N. B.— The I'^ilway was level, and about two miles in length, where the 
fiperimeats were ntC^de. 
• ' . 

QuER7 2. What may be r-onsidered as the greatest performance of loco- ! 
motive carriages previous to iJ^e Manchestes and Liverpool railway, being 
opened? 

Mr. Wood, in 1825, states, that the performance of the best locomotive 
engine was equal to 40 tons, conveyed at the rate of six miles an hour; and 
fedr years after, (in 1829,) Messrs. Rastrick and Walker have stated that 
48ft tons, conveyed five miles an hour, or 19ft tons conveyed ten miles an 
iMHir, was the greatest performance the directors of the Liverpool railway 
epuld expect from them. 

i have seen some statements of experiments in which the effective work 
was greater than the above; but I am inclined to think they could not be so 
well depended on a^ those of Messrs. Wood, Rastrick, and Walker. 

QuERV 3. What has been the greatest performance of any engine since 
that period? 

On the 23d of February, 1831, Mr. Robert Stephenson stated to the So- 
ciety of Civil Engineers,, that the Northumbrian locomotive engine, weighing 
6 tons 3cwt., drew 50 tons up the inclined plane at Rainhill, at the average 
rate of 7ft miles per tiour: pressure of steam was 50 lbs. on the square inch. 
The inclination of the ground at Rainhill is 1 in 96. 

On the 1st of March, 1831, Mr. Locke stated that <<the Samson" drew 
a gross weight of 151 tons, in 30 wagons, (the nett weight being 107 tons,) 
the whole distance from Liwpool to Manchester, in 2 hours 34 minutes 
including 13 minutes of stoj^ges. The diameter of the wheels was ^ " 
'6 inches. 

18 
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On the 19thof April, 1831, Mr. Locke Btaied, that <<the Samson" drew 
op the inclined plane at Rainhill, about 44i tons, gross, of goods and wagons, 
at the rate of about eight miles an hour. 

Weight of the engine was 8^ tons; weight of tender, (which was full of 
water,) 4 tons; making the total weight of goods^ wagonS; engine, and ten- 
der, 57 tons; and, calculating the speed of the engine eight miles per hour, 
die wasexertine a force* equal to 39 horse power. 

He also stated tha£ a new engine, <<the Jupiter,'' had just been started. 
Prom the 4th of March to 6th uf April, she drew 226 wagons (only ten of 
which were empty,) and 847 coaches, a total distance of 3,426 miles. In 
one fortnight she made fifty journies, equal to 1,500 miles. 

Diameter of cylinder, 11 inches; length of stroke, 16 inches; diameter 
of the wheels, 5 feet Value of such an engine, d&700. 



APPENDIX B. 
Proposed scale for turnpike tolls on steam carriages. 



Eveiy caniage propelled bj steam, or other elementary power, canning 


— ^ 

But if the carriasa 
draws or propw 


only fuel and engineers, and having the tires of the wheels less than 


two inches and a half, and. 


another, 


Cwt 


Cwt 


• 




1 




Weighing 5 


and not exc'cCng 10 


a toll as 


One horse not drawing 


then as 


One hone 










' 


irtmrimg^ 


10 


20 


* 


Twd * - - 


- 


"Swo 


80 


30 


• 


Three 


• 


Three. - 


30 


40 


. . 


Four 


* 


Four 


• 40 


50 


• 


Five 


• 


Fite 


50 


60 


• 


Six 


• 


Six - 



Above this weight aii arbitrary toll, preventing its exceeding it on narrow 
wheels. 

If the tires of the wheels exceed three inches, the tolls should be aboat 
one quarter less; and the weight, without injury, noay extend to three tons 
and a half. If the tires of the wheels are six inches wide, the tolls should 
be about » third less^ and the weight allowed to extend as far as four or five 
torn. 
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APPENDIX C. 

RETURN of all turnpike roftd bills which passed the House qf Com^ 
mons in session 1830-31, wherein any toll ^has been imposed on 
carriages propelled by sleamj or other mechanical contrivance, distin* 
guishing the amount of toll charged per horse on stage carriages^ 
vans, wagonsj and cars^ and the charge on steam carriages. 



Bedfont road 

Highgate and Whet- 
stone road 

Norwich and Yameath 
road 

Walsall roads 

Stretford road 

Tanbridge Wells, and ) 
Mareweld road ) 

Krnungham&^roms* ) 
grov^ road ) 

■ 

Perry Bar and Hands- 
worth road 
Enfield Chase road - 
Lemsford MHl read • 



Unlitbgowshire roads 



Coventry, and Over 

Whiteacre road 
Watli^g Street road - 
Pinwall Lane road 
Worthing and Little- ) 
hampton road ' > 
lieeds and Birstal road 

Haslemere road 
Macclesfield & Netb- ) 

erTableyroad \ 
Olamorganshire roads 
Oleeve and Evesham 

road - -* 

PucUechurch' roads • 
Locester andiWeMord 

road 
Lampeter roadsi 

LJaadeivery and UtoK > 
gideckioad ) 



Stage coaches, 
&c* per horse. 



6d. 



6d. 

4id. 
fid. 

4d. 



4R 



4jd. 

4d. 

7id. 



C For 1 horse, 
J Is. 6d.; two 
y horses, 38.; 3 
C or 4 ditto, 48. 



3d. 

4id. 

4id. 

6d. 

Sd. 

4id. 

6d. 

6d. 

9d. 
6d. 

4id. 
6d4 H 

6d. 



Wagons, vans, 
&c. according 
to the breadtli 
of the wheels 
per horse. 



4d. 5d. 6d. 



4d. 5d. 6d. 

4d. 6d. 

4id. 6d. 8d. 

6d. 7ld. 9d. 

8d. 3d. 4id. 



9id. 8d. 4ifi. 



4id. 6^ 8d. 

3d. 4id. 6d. 

6d. 
For 1 horse, 6d. 

8 do. lOd. 

3 . do. 3s. 

4 do. 48. 

5 do. 6s. 

6 do. 8s. 

fid. 3dl 4d. 

4d. 5d. 6d. 

4d. 5d. 6d. 

4d. 5d. 6d. 

6d. 71d. 9d. 

4id. 
6d. 9d« 
6d. 

9flU> 

6d. 71d. 9d. 

3d^ 3id. 4d. 

4id. Hil' 6d. 

4H H^ ^ 



Propelled by machinery. 



Carriages with two 
wheels. 



Carriaaea 
with lour 
wheele. 



1 



6d. per wheel for all 
carriages. 

Is. 6d. 

8s. for all carriages. 

2s.6d. for an carriages. 

The same toll as if 

drawn by 4 horses. 

Sis. per ton weight for 
all carriages. 
rFor locomotive en- 
gines drawing car- 
riages, 8s.; for steam 
carriages for passen- 
gersi %M^ Is. 6di 

3s. 6d. for all carriages. 
Is. for all carnages. 
l8.6d. 



One penny per cwt 
for all carriages* 



2s..6d. for all carriages. 

2s. 6d. for all carriages. 

28. 6d. for all carriages. 

Is. per wheel for all 

carriages. 

2s» per wheel for all 

carriages. 

Is. 

9d. per wheel for all 

carriages. 

Is. 6£ 

Is. 6d. 
Is. per cwt.- 



Is. Ibr all carriages. 
The same toU as if 

draiyn by 4 hofses. 
( The same tolT as if 
( dt»;iKnkV|.%\MnMk \ 



8s. ed. 



88. 6d; 



Sf^ 



38.. 

3s. 
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APPENDIX C— Continued. 





Stage coaches, 
&C. per horse. 


1 

Wagons, vans, 
&c. according 
tot|iebread£ 
el* the wheels 
^r horse. 


Propelled by madunery. 




Carnages with two 
wheels 


Carriages 
with four 
wheels. 


Bathgate roads 

Titchfieli & Cosham ) 
toad 5 

Cheadle roads 

BrutoB roads 

Coventry and Stony 
Stanton road 

liveipooland Preston ) 
road 5 

* 


18.3d. 

6d. 

6d. 
6d. ^ 

3d, 
6d. 


C Forlhorse,9d. 
^ if more than 1, 
( 6d. per horse. 

^. 3}d. 4id. 

4d.5d.9d. 
4id.6d.7id.9d. 

4d.5d.6d. 
.If drawn by 4 
or 5 horses. Is., 
Is. 5d., Ss. 3d,. 
Ss. 5d. If by 
8 or 3 horses, 
4d.,6d.,8d. 


C 8s. 9d« for all car- 
< riages not exceeding 
( 85 cwt 

( Ss. per wheel for all 
( carriages. 

5s. for all carriages. 

4s. for all carriages. 

2s.6d. for all carriages, 

f If not exceeding one 
ton, 6d. per wheel; 

' and 6d. per wheel 
for every further ton 

[ wwght 


* 



APPENDIX D. 

JSE TURN cf all private bills tufiich have passed the House of Coni'^ 
monSf wherein any toll has been imposed on carriages propelled by 
steam or other mechanical contrivanccy distinguishing the amount 
qf toll charged per horse on stage carriages^ vans, wagons^ and cars^ 
and the charge on steam carriages. 



Kidwelly roads 

Lynn (east gate) road 
Lynn (south gate) road 
Handsworth road 

Aylsham road 
Cheltenham roads 
Liverpool and Presoot ) 
road ) 

Abergavenny roads * 



Stage coaches, 
&C. per horse. 



6d. 

4d. 
4d. 
6d. 

3d. 
8d. 

Is. 6d. and Is. 

6d. 



Wagons, vans, 
&c according 
to the breadth 
of the wheeb. 



4d. 5d. 6d. 

3d. 3jd. 4id. 

3d. 3id. 4^. 

6d. 8d. 9d. 

Sd. 



6d. 8d. lOd. Is. 
3d. dd. Is. 



Propelled by machinery. 



Carriages with three, 
or a less number of 
wheels. 



8s. for two-wheeled 

carriages - 

8s. 6d. for all carriages. 

8s. 6d. for all carriages. 

The same toll as if 

drawn by 4 horses. 

9d. 

38. for all carriages. 

( l8.6d. for every horse- 

( powerforallcarriages. 

The same toll as if 

H^wn* by four horses. 



Carriiifiea 
with four 
or more 
wheels. 



3s. 



Is. 6d. 
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APPENDIX D— Continued. 





Stage coaches. 
Ice* per horse. 


Wagons, Tans, 
lus. according 
to the breadth 


Propelled by machinerr* 












■ 




of the wheds. 


Carriages with three, 
or a less number of 
wheels. 


CarriaM 
with lour 
or more 
wheels. 


Dioffheda roads 


6d. 


Sd. 4d. 6d. Is. 


The same toll as if 




^ • 






drawn by two horses. 


« 


St Alban's road^ 


6d. 


• m 


ls.6d. 


8s. M. 


Simderiand roads 


4id. 


3d. 4d. 9d. Is. 


6d. for every horse pow- 
er for all carriages. 




Wisbech and Thomey 










road - ' . 


6d. 


3d. Sjd. 4id. 


8s. 


4s. 


Frome roads 


6d. 


6d. 7d. 8d. 


8s. for all carriages. 




Httddersfield k Wood- 










head road 


6d. 


3d. 4d. 4id. 


88. 6d. ibr all eaniages. 




Wakefield and Auster- 










lands road 


6d. 


4d.5d.6d. 


8s. 6d. for all carriages. 




Monmouth roads 


8d. 


5d. 6d. Id. Is. 


ls.6d. 


8s. 61 


Wakefield Inffs road - 


3d. 


Id. lid. 8d. 


• 6d. 


Is. 


^7 


^ 


If ntot exceeding 
35 cwt, 9d.; if 
between 85 and 


' 8s. 6d. for every car^ 
riage not exceeding 
85 cwt; if between 




Stirlingshire roads 


Is. 3d. 


30 cwt Id. in 
addition, and 
so in propor- 


\ 85 and 30 cwt Id. 
per cwt. in addition, 
and so in propor- 


- 




b 


tion. 


. tion. 

r If not excee£ng one 


- 




» 


If drawn by one 


ton, 6d. per wheel; 




, 


\ 


horse only, 9d.; 


if more, than one ton, 




Exeter roads • 


8d.^ . 


if by two or 


\ 6d. per wheel in ad- 








more horses, 


dition, and 6d. per 
wheel for every tur- 








6d. per horse. 






^ 




. ther t«n weight 










' If not exoeedmg one 






' If drawn by 8 




ton, Od. per wheel; 




Telgttmouth St Daw* 
lishroad 


or 3 horses, 

. 8d.; if by 4 

or more hor- 


9d. 


if more than one ton, 
' 6d. per wheel in ad- 
dition, and 6d. oer 
wheel for every turw 




I 


ses, €d. 


^ 






N * 




. ther ton weight 




• 


If drawn by 8 
or 1 horse, 
10d.;ifby4 


^ 




• 


Dartington road 


horses, 8d. 
and if by 6 


. 6d. 8d. lOd. 


Is. 


8s. 


< 


horses, 6d. 








per horse. 


^ 







Pbitatb Bill Office, 

Hwat ofComrrwMy Jtugust 22, 1831. 

EDW. JOHNSON. 
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Eselraet from Mr. Tt^fitrtPa JSeport on ike Haie tif tkt ffolghead and 

Liverpool Soadt. 

Being tutborized by the eommissionen to bave the machine inrented by 
my aMistant, Mr. Mactfeill, (for measuring the force of traction, or the la* 
bi^of horses in di^wiftg carriages,) completed, and also to hare the sereral 
districts o& the Holyhead road in England tried by it, Mr. MacneiH has 
done so, and prepared a statement showing the results of the trials between 
London and Shrewsbury, a distance of 15di miles. 

The ^general results of these experiments* on diflferent sorts of roads, are 
as follows: 

1. On weH made parement, the draught is • 

2. On a broken stone surface on old flint road • - • 
S« On a gravel road - - - - - - 

4. On a broken stone road, upon a rough pavement foundation 

5. On a broken stone surface upon a bottoming of concrete, 

formed of Parker^s cement and gravel • 



33 lbs. 
65 
147 
46 



• 46 



The general results of experiments made with a stage coach,t on the same 
pieee of road, on difierent inclinations, and at different rates of velocity, are 
given, from which the following statement has been calculated: 



■" 






p 




1 




1 




Rate of iii< 


:itia9fioJu 


Rates of 


travelling. 




Force required. 


» 


• 


in 


20 


6 miles 


per hour 


268 Ibf. 






in 


26 


6 




• 


213 






in 


30 


6 




• 


165 






in 


40 


6 




• 


160 






in 


600 


6 




• 


111 






in 


20 


8 


• 


» • 


296 






in 


26 


8 




• 


219 


I 




in 


30 


8 


^ . ' 


• 


196 


i 


1 


in 


40 


.8 




• 


166 


J 




in 


600 


8 




• 


120 






in 


20 


10 




• 


318 






in 


26 


10 




• 


221^ 






in 


30 


10 




• 


200 




1 


in 


40 


10 




• 


172 


1 




in 


600 


10 




« 


128 



Having the results of these accurate trials to refer to, leaves it no longer 
k a matter of conjecture in what manner a road should be made to accomplish^ 
r most eflectuaily, the main object, that is, diminishing, to the greatest possible 
degree, the labor of horses in draught 

* In makinff these experiments, a wagon, weighing about St cwt was used, 
t Weight cl coach, exdusiTe of seven passengeiSy 18 cwt 
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Although the obsenrations of seientific penoM hare led to iiearly. mmSar 
eoncIusioDSy others have been in the habit of laying down i:]ule8 for road- 
making at variance with all the established laws of motion; it is satisfactorr 
to be able to produce a positive proof by actual experiment, of their opi^ 
nionii being wholly erroneous. 

In this viewi I consider Mr. MacneilPs invention, for practical purpoan 
on a large scale, one of tly9 most valuable that has Iweo lately given to tha 
public 
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DOCUMENTS 



aSLATITS TO 



The comparative merits of Canals and Railroads^ subinitted by Mr, 

Howard^ ef Maryland. • 



Enoix^esr's Office, Baltimore and Ohio Railroad, 

Baltimore^ March 5, 1S32. 

To Philip E. Thomas, President j ^c. 

In accordance with thy request, I have read document No. 18, of the 
House of Representatives, 1st session 22d Congress, and now submit the 
following report and accompanying documents on the subject of the relative 
advantages of railroads and canals. 

It 13 regretted that more time could not be allowed for the compiling of 
statements and explanations with regard to the relative merits of canals and 
railways. As it is, what can now be presented will be very limited and 
brief, and much short. of that which, it is conceived, the subject demands, 
and far less of that of which it admits. We shall begin with the following 
comparison of canals, railways, and turnpike roads, with regard to the effects 
of the moving power upon them. 

In document No. 18, (before mentioned,) page 190, after quoting from 
N. Wood's Treatise on Railroads, ed. 1825, and from Tredgold's Treatise 
of the same date, is the following paragraph, to wit: , 

" It is proper to remark, that from Tredgold, as from other English trea- 
tises on railroads, passages may be extracted less favorable than the pre- 
ceding to the superiority of canals: but enough is here quoted to show the 
uncertainty which hung over the question — whether canals or railroads 
were to be preferred for the transportation of persons and property. No 
two authors, scarcely, will be found to concur, precisely, in opinion on the 
subject; nor the same author with himself. *' 

In the first place, we may here remark, that the disagreement of authors 
with each other, or with themselves, cannot be received as good evidence 
against improvements either in mechanics or in modes of conveyance, any 
more than difference of opinion, opposition, or even apparent inconsistency, 
in the members of a legislative body, would be valid evidence against bills 
or amendments: for, otherwise, improvements in the one case, and amend- 
ments in the other, would be indefinitely postponed. The ttriithi however, 
is, that public opinion will always be founded upon the facts, as they shall 
be, from time to time, developed and shown to exist, with regard to all im*- 
provements; and public opinion will seldom err. Turnpike roads, ,canals, 
the steam engine, and steamboats, have eSich, in turn, in spite of powerful 
opposition, received the sanction of public opinion. Railroads are now upon 
the stage, and are being subjected to the same great and discrio^vcsaXxw^ 
ordeal; and when we reflect upon the magni&ceul xesvAXs \n\vvqXv>^«vc ^ms.- 
cess, coupled with ^e application of. steam, upon tYv^nv, VA ^t^^x^sv^^ ^^ 
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can neither wonder that their introduction should be opposed, nor doubt of 
their triumph. 

The author of the document, whose object would appear mainly to have 
been to determine Congress and the public in favor of the canal, and agaiost 
the railroad, here acknowle4ges that passages more favorable to the railroad 
system exist in the works of those authors. 

Now, what are the facts? The compiler of document No. 18 has quoted 
from English works seven years old. Seven years is a long period, when 
measured by the time elapsed since the application of railways to the pur- 
poses of general conveyance. Within this period, very great improve- 
ments have been effected, not only in the formation of railways, but in th& 
application to them of machinery, and motive power. 

These improvements have been such as to double or treble the usefia" 
effects, ai d even to quadruple the attainable velocity which had previousl 
been had upon railways. The relative friction, or tractioriy upon level rai 
ways, in the year 1825, was set down by Tredgold at the -^^-^ih part oft 
weight moved, and his table V.,* copied on page 189, document No. 18, w 
calculated accordingly; whilst Wood, in his treatise of the same date, (182&- 
expr^ssed his opinion, derived from experiments, to be, that the tracti 
may be taken at the ^J©^^- ." 

Since that time, however, the co'mmon railway car, in England, has 
dergone? improvements, and the friction is stated, in the second edition 
Nicholas Wood^s Treatise on Railroads, London, 1831, to be the j\ffi^ 
the weight. In this country, and on the Baltimore aad Ohio railroad, se 
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* The following is the table, as given in Doc. 18. 

A TABLE showing the effects of a power orforce of traction of one hundred pounds, at tB^^Mr' 

ent velocities, an Canals, Juulfoaas, and Turnpike Roads. 



Velocity of motion. 




Load moved by a 


power of 100 lbs. 

1 


• 


Miles per 


Feet per 


On a Canal. 


Oil a level 


Railway. 


On a level Turnpike 


hour. 


second. 


' 








road. , 




Total mass 


Useful 


Tfttal mass 


Useful 


Total mass 


Useful 






moved. 


effect 


moved. 


effect. 


moved. 


effect. 






Lbs. 


Lbs. 


Lbs. 


.Lbs. 


• 

Lbs. 


Lbs. 


24 


3.66 


55,500 


39,400 


14.400 


10,800 


1,800 


1,350 


3 


4 40 


38.542 


27,361 


14,400 


10,800 


1,800 


1,35(^ 


3i 


5.13 


28,316 


20,100 


14,400 


10,800 


1,800 


1,350 


4 


5.86 


21,680 


15,390 


14,400 


10,800 


1,800 


1,35(^ 


5 : 


7.33 


13,875 


9,850 


14,400 


10,800 


1,800 


1,35^ 


6 


8.80 


9,635 


6,840 . 


14,400 


10 800 


1,800 


1,350 


7 


10.26 


7,080 


5.0^6 


14,400 


10,800 


1,800 


1,350 


8 ' 


11.73 


5,420 


3,848 


14,400 


10,800 


1,800 


1,350 


9 


13.20 


4,282 


3,040 


14,400 


10.800 


1,800 


1.350 


10 


14.66 


3,468 


2,462 


' 14,400 


10,800 


1,800 


1,35^ 


13.5 


19 9 


1,900 


1350 


14,400 

1 


10,800 


1,800 


1,350 
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ral.of the greatest recent improvements in railway cars have been made. 
These have resulted from the formation and bringing into practical use, on 
this roady two kinds of cars; one of which having friction wheels pendant 
upon the ends of the axles of the road wheels, the other a plain, simple, 
chilled box, with outside bearings and steel pointed journals; and fropfi the 
use of the cone and cylinder wheel. And there is no doubt that the cars 
in use on thfs railroad are by far the best extant, in Europe or America. 

From a set of experiments made on the Baltimore and Ohio railroad, 
the relative friction, or the force of traction on a level, whII be, with a full 
kad, when the chilled box car is used, the ^Irth, and when the Winans' 
friction car is employed, the -r\Q\h oi the weight of the car and its load. 
The experiments were made with two cars of each kind, and the results 
just given are the averages. To meet practical imperfections, some allow- 
ance must be made; but there is no doubt, that, in practice, these ratios will 
be the ^^^ th and the 777th, at the least. The diameter of the wheel is 30 
inches, and that of the axle, wiiere it is subjex:t to friction, 2 inches. If 
the' wheel should be enlarged to 36 inches, as will probably be the case, as 
is now preferred in England, then the relative friction will be reduced in 
the proportion of 36 : 30, and the ratios for the two cars will be ^^th and 
xl^th. Moreover, whilst it is believed that the diameter of the axle cannot 
be reduced in the Winans' car, lest its attrition should prove injurious to 
the friction wheel, yet it is otherwise with the chilled box car, and the 
axle now employed for this car has^ diameter of 1§ inches. This, again, 
has the effect of reducing the effect of the friction in proportion as 2 : If. 
Hence, in the chilled box car, with 30 inch wheels, as now used on the 
Baltimore and Ohio railroad, the traction on a level is the ^y^th, and, with 
a 36 inch wheel, the -j^^th. And these may be set down, in pi^actice, at the 
th and the yiayth. 

he limits of practical perfection, then, of the two kinds of cars now in 
Use on the Baltimore and Ohio railroad, when wheels three feet in diameter 
shall be employed, will be such, that, with the one, 1 lb. traction will draw 
300 lbs., and with the other 450 -lbs. Whilst, at present, as they are now ' 
furnished on the Baltimore and Ohio railroad, with 30 inch wheels, 1 lb. will 
draw J364 lbs. upon one car, and 400 lbs. upon the other. 

Through the perseverance of our ingenious countryman, Ross Winan3^ 
the inventor, and the patronage of the Baltimore and Ohio Railroad Com- 
pany, the friction car has gradually assumed more fitting proportions and 
consistency of parts^ until it has arrived at a practical state that will ensure 
its use upon railways. In all our comparisons, therefore, of great lines of 
railway and canal, we are fully authorized to assume the traction necessary 
with this car upon railways, when three feet wheels shall be used; but, as 
hitherto, 2i feet wheels have been running upon the Baltimore and Ohio 
railroad, and as it may be more satisfactory to some that the comparison, in 
relation to friction, should not, in behalf of the railway system, contain any- 
thing not experimentally tested, we shall, for the present occasion, employ 
the traction of the ^^yth. 

With this njeasure, let us correct the Table V, page 189, of Doc. No. 18, 
which Tredgold, seven years ago, formed with a view to his then opinion oX 
a traction of the f^^th, and we shall then see in what relation the effects of 
a given power upon railways will stand,, when compared with those upon 
canab and turnpike roads. 
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TABLE V— Corrected. 



ji TJiBLE showifif^ the effects of a power ^ or force of traction, of one 
hundred pounds, at different velocitiesy on Canals, Railroads, and 
Turnpike Roads. 



■jn" '.i. 

Velocity i 


jf motion. 




Loftd moved at a 


power of 100 lbs. 




Miles per 


Feet per 


On a 


Canal. 


On a level 


i Railway. 


On a level 


Turnpike 


' hour. 


second. 










road. 




Total mass 


Useful 


Total mass 


Useful 


Total mass 


Useful 






mored. 


effect. 


ij^oved. 


effect. 
1 


moved. 


effect. 






Lbs. 


Lbs. 


Lbs. 


Lbs. 


Lbs. 


Lbs. • 


2* 


3.66 


55,500 


39,400 


40,000 


30,000 


1,800 


1,350 


3 


4.40 


38,542 


27,361 


40,000 


30,000 


1,800 


1,350 


3J 


5.13 


^316 


' 20,100 


40,000 


30,000 


1,800 


1,350 


4 


5.86 


21,680 


15,390 


40,000 


30,000 


1,800 


1,350 


5 


r.33 


13,875 


9,850 


40.000 


30,000 


1,800 


1,35a 


6 


8.80 


9,635 


6,840 


40,000 


30,000 


1,800 


1,350 


r 


10.26 


7,080 


5,026 


40,000 


30,000 


1,800 


1,350 


8 


11.73 


5,420 


3,848 


40,000 


30,000 


1,800 


1,350 


9 


13.20 


4,282 


'3,040 


40,000 


30,000 


1,800 


1,350 


10 


14.66 


3,468 


2,462 


40,000 


30,000 


1.800 


1,350 


13.5 


19.90 


1,900 


1,350 


40,000 


30,000 • 


1,800 


1,350 



From an inspection of the corrected table^ it will appe|r, that, when the 
velocity is 3 miles per hour, (instead of 5 miles, as indicated in the former 
table,) it requires less power on the railway thui on the canal, to produce 
an equal effect. From a strict calculation, it will be found that the power 
required will be equal when th6 velocity is 2 ^^^ miles per hour, or 4.J3 feet 
per second. 

According to Tredgold, the maximum of useful effect of the labor of a 
horse will be obtained from a duration of 6 hours of labor per day, at a ve- 
locity of 3 miles per hour, and the mean power of traction will be 125 lbs. 
The railway will, therefore, have the advantage of the canal, at a rate of 
speed best suited to the action of the horse. And it will also appear that 
the effect on the railway is to that on the turnpike road as 22 to 1. 

We see, therefore, that the comparison between canals and railroads is 
vastly more favorable to the latter, than when Tredgold, in his treatise on 
• railroads, remarked, that, " recollecting that railroads are yet in an imper- 
fect state, while the united talents of our civil engineers have been chiefly 
devoted to canals for about a century, we may confidently hope that there 
is yet scope for improvement; and we may fairly infer, that, for new works, 
railroads will, in nine cases out of ten, be better adapted for the public be* 
nefit than canals. *' 

Seeing, therefore, that the improvements in railways and cars have been 

such, that, with a velocity of 3 miles per hour, the effect is greater than on 

a canal, and that, at higher velocities, the effect will be vastly more decided 

I'a favor of the railway, in consequence of the resistance in the canal increas- 

ing in m duplicate ratio of the velocitieB*, and ivVi^ik "i^re oAso reflect upon the 
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Tery great improvements which have, in the last two or three years, been 
made in the locomotive steam enginci and consider the paramount impor- 
tance of speed and certainty to a travelling and commercial people, more 
especially in a country of such extended surface as the United States, and 
thai this avenue of communication will be open throughout the year^ in 
winter as well as in summer, shall we hesitate to say, what the author just 
quoted would, under the same circumstances, undoubtedly say, that the rail« 
way should be preferred in ninety-nine cases out of a hundred? 

As the late edition of Wood's Treatise on Railroads has not been men- 
tioned in Doc. No. 18, it is probable the compiler of that document had not 
neii it And, inasmuch, as the chapter which treats of the comparativ# 
merits qf canals and railways has been improved in this edition, and like- 
wise contains a commentary upon experiments slid to have been made in 
Scotland, tending to show the practicability of high velocities upon canals, 
(See Doc. No. 18, page 31 to 34;) it is thought proper to give that short chap- 
^ ter at length; it is accordingly appended hereto, and marked No. 1. 

In estimating this, chapter, however, a similar correction, though not to 
the same amount, must be made, as has been applied to Tredgold's table V. 
Owing to the improvements already mentioned, the canal although with 
korses at a speed of two miles per hour, it is superior to the railroad so far 
II regards the effective power of traction, yet, it is not so, in as great a pro« 
! portion as3 : I, and instead of an equality of effect taking place at 3^ miles 
per hour, as Wood has it, :^e have shown thatthe effect of the power of trac- 
tion with Winans' cars on a level railway, will be equal to that on a canal, 
when the velocity upon each is very little more than 2| miles per hour; whilst, 
It 8 miles per hour, the performance on the railway will evidently prepon- 
' derate. 

To show the performances of locomotive engines according to the state 
of improvement which existed in the year 1830, and their comparison with 
respect to the power of horses upon railroads, certain copies of tables, and 
extracts from the same work, |re also annexed, marked No. II. 

In the year 1828, the power of the locon^otive engine was no more than 
efficient to propel itself up an ascentof 1 in 96, at therateof 10 miles per hour, 
without dragging any load aAer it. In the course of two yctars after, how- 
ever, such were the improvements made in this engine, that it could draw 
up that ascent, a train of cars, weighing, with their freight, 17 tons, at ten 
f aiiles per hour; at the same time, it could draw, on a level, at the same speed, 
r ^^^ tons; at 15 miles per hour, 30 tons; and at 20 miles per hour, 15 tons. 

I • ■ • 

Of the cost qf motive power. 

Aeeording to Tredgold, the power of traction of an average horse, is 
M5 lb. ; and his useful effect is a maximum, with a velocity of .S miles per 
boar, continued six hours in the day. The resistance with the Winans' car, 
lithe ^^7, and the gross load forone horse will be 125 x400si50,000 Ib.s« 
^^ iVo ^^^^ drawn 18 miles in a day. Deducting one-fourth part for the 
Weight of the cars, the freight will be \^\%^ tons drawn 18 miles per day. 
Bat, as the most economical ratio of weight between that of a car and its load 
ii 1 : 3, and as the weight of a car to carry 3 tons, is 1 ton; we shall therefore, 
on the present occasion, assume the proper weight of each carlo be one tom 
tnd its freight 3 tons, as a general rule upon great lines of railway. Tiia 
iMNrse wiU not draw six of such cars when fully laden: his load must, thcr^. 

20 , , 
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those which have to work upon our turnpike roads, and he would be entirely 
inadequate to the work that has there to be performed. 

Unless the railway, therefore, is exactly level, there will be a decided 
advantage in using the more powerful horse, since he will be able, with the 
same train, to surmount ascents that^ with, the weaker horse, would be im- 
practicable. At the same time, it is not recommended that the stronger 
horse, though able to draw six cars, should be made to draw a train of more 
than five, on a level, inasmuch as he would be able, with this load, :to tra- 
verse occasional ascents of from 15 to 20 feet per mile, whilst his speed 
would be somewhat augmented on the level parts, in order to compensate 
there fpr his want of a full load. It is proper to state, however, that the 
load of this description of horse being precisely the load of the other aug. 
mented by one-fifth of it, that is, six laden cars, the useful effect, when mea- 
sured as it should be by the relative cost of transportation, will exhibit a gain 
of ten per cent since, in pursuing the calculation, the cost in the case where 
one man attends one horse is found to be the -f^^ of a cent per ton per mile, 
inclusive of agencies and contingencies. There cannot be a doubt, there- 
fore, that upon a railway that shall undulate in its grade within the limits 
of 20 or even 30 feet per mile, the transit will be effected with horses at a 
cost varying very little, if any, from three-fourths of a cent per ton per mile; 
and, in all cases where the descent of the line shall be in the direction of the 
movement of the greater tonnage, as will often be the case, the cost may be 
reduced even to i a cent. This is the result when each man drives but one 
horse, but if one driver shall conduct two horses, the three-fourths will be 
reduced to three-fifths pf a cent per ton a mile. 

Upon the whole, therefore, and considering that the cost of subsistence 
and labor will continue to be cheaper in the interior of the country than is 
here calculated upon, there does not appear any valid reason to estimate the 
cost of transportation of commodities by means of horse power, at a rate per 
ton per mile greater than three-fourths of a cent. 

It is true, that to effect this result, the railway, the machinery, and the 
management must be good. But what object is there, to which the atten* 
tion of man is properly and lawfully directed, that does not merit, if it does 
not absolutely require industry and systematic attention? In Doc. No. IS, 
herein before referred to, in the letter from Benjamin Wright, civil engi- 
neer, is this sentence, p. 174, to wit: <'But the great advantage a canal 
will always have over a railroad, consists in the little mind or thought that 
is required to use it:'' an objection, which, no doubt, canals themselves 
had once to encounter, and which would be equally valid against the steam 
engine, steamboats, and a host of other splendid inventions and improve- 
ments; if, indeed, it does not (though certainly unintentionally) strike at the 
root of all advancement in the application of science and the arts to the im- 
provement of our physical and mental condition. Are our countrymen pre- 
pared for this objection? Shall a people who have assumed the responsi- 
oility of self-government, and, in consequence, have become a great nation, 
refuse to sipplaud the genius of their Fulton, and demur at the further ad- 
vancement of their country in the mighty march of improvement, in order 
to repose ingloriously in littleness of thought and inactivity of mind? Cer- 
tainly not. The genius of the people forbids it, and the age forbids it 
Judge Wright thinks he is probably in the minority in the United States 
on the question between railroads and canals, and that the public mind doe- 
not take all circumstances and bearings into consideratian when they underi 
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fake to give opinions. He f^ys, alsO} (p. 174) in the case of the Baltimore 
and Ohio railroad << we are kept in the dark about wear and tear.'' 

7'he expression << kept in the dark/' seems to imply a belief in the mind 
of the respectable writer, that all was not as it should be; that something 
was kept hidden that ought to be divulged or communicated to the public. 
Now, the fact is, the company have never yet been prepared, nor have their 
works been so advanced or matured, as to enable them to make definite and 
official statements of wear and tear to the public in their annual reports, 
that could be relied upon in determining important principles, much less of 
* exhibiting practical results that should fix the precise amount or relative 
degree of wear and tear. And, until they can make statements which are 
not calculated to mislead, and which shall be freed from the contingencies 
incident to a new work of a comparatively new description, and from the 
expenses incident to the bringing to practical perfection of two new kinds 
of cars that it is'believed will be found superior to all others hitherto em* 
ployed upon railways, they will no doubt be excused. It is conceived that 
the public will be much less interested in knowing the amount expended in 
the inventing and perfecting of a machine, than in its powers and the ex- 
penses attendant upon its employ when brought into practical use. Never- 
theless, I have, on the present occasion, given an approximate estimate, ac- 
cording to the best of tny judgment, of the probable practical cost of the 
Winans' car, and its wear and tear, and this will be the most expensive of the 
two kinds, not only in the construction, but in the wear and tear. 

With regard to the criticism preferred in pages 198, 199, of Doc. 18, in 
relation to the expenses of transportation on the first 13 miles of the Balti- 
more and Ohio railroad, as stated in the 5th annual report of the company^ 
in which the passengers are rated at 12 to the ton, and, after adding the ton- 
nage thus made out, to that of the commodities calculated from the 'actual 
expenses incurred, the author infers that the co^t of moving power is more 
than Ah cents per ton a mile. It may be remarked, that the expenses in the 
incipient stages of all new works, will range far above the average of what 
they will be when every thing comes to be regular and systematic. But, 
in this instance, the result is as unfavorable as can well be conceived, inasmuch 
as, coupled with the disadvantages already alluded to, a much greater number 
of men and horses had to be kept in pay and on hand than were sufficient 
to afford the effective power exerted in the nine months. As the weather 
was fine or otherwise, the passengers of pleasure were numerous or none at 
all; yet, still, establishments had to be every day maintained to the extent 
adequate to the demand of any day. But, further, in consequence of pas- 
sengers not being paid for by the ton, it does not appear fair to bring this item 
to the standard of so much per ton per mile; and, what is of so much conse- 
quence with regard to this deduction, is, that it should be recollected that 
much the greater part of the gross tonnage was conveyed by horses at the speed 
qf ten miles per hour. Now, the efiect'of a high velocity with a horse in 
lessening his useful effect is very great In table VI. p. 169, Tredgold's 
treatise, already referred to, it is shown that the useful effect of a horse, 
when working on canals, at ten miles per hour, is only the yV ^^ ^^^ which 
it would be with a velocity of 2) miles per hour, whilst, on railways and 
turnpike roads, it would be the one-fourth part. We see, therefore, that 
although the action of the horse has such a decided advaivta.^^ M^^wN\>ft. ti^- . 
way over that upon the canal when the ve\oc\\Ae» «t^ ^fi5iAft««^Mvfc\ i^^i 
creii upon the railway, his useful effect, vrVvefv Yie\a ^wX.^ v^\fe^^^ '^'^ 
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miles per hour, is diminished three-fourths; and, consequently, the expenses 
of transit would become increased in the pnyportion a» 4 : 1, beyond what 
they would be with a velocity of two and a half miles per hour. 
' When these things shall be taken into the account, as it is not doubted 
they will be by the public, it will be conceded that the results afford no just, 
ground for the disparagement of the railroad system. 

It may likewise be stated, that, although the passengers were almost alto- 
gether conveyed in carriages made upon the Winans' friction wheel princi- 
ple, it .was otherwise with the freight; much the greater portion of which 
was conveyed in the chilled-box car. Now it has been shown, that the 
friction of the first car is to that of the last as ^J^ : ^f^. We have also 
Aown, that, with the Winans' car, a horse will draw 300 tons, one mile in 
a day. Consequently, by proportion, as 400 : 264 :: 300 tons : 198 — the 
effective daily work of a horse with chilled box cars, so far as depends upon 
the friction. But, upon making a stript estimate, proportioning the num- 
ber of cars in the train, and making allowance for the lesser weight of this 
car in proportion to its strength, we find the effective power of a horse to be 
220 tons drawn one mile in a day; and it will be recollected that the report 
of W. Woodville, the superintendent of transportation, gives 227i tons. 
Although the whole annual charge attendant upon these cars, embracing 
repairs, renewals of interest on capital, will not be far from 030 for the 
chilled box car, to |I45 for that having friction wheels, supposing two-thirds 
of their number to traverse 20 miles in a day for 312 days, or 6,240 miles 
in the year, whilst the residue of the cars shall be stationary for the pur- 
pose of repairing, or for other cause; nevertlieless, it is conceived that the 
cost of transportation has been enhanced to arf amount beyond what it would 
have been with the exclusive use of the friction car in the state of compara- 
tive durability to which it has recently been brought. 

The railway owned by the Lehigh Coal and Navigation Company, at Mauch 
Chunk, in Pennsylvania, (see Doc No. 18, pages 8, 163 to 173, 178, 199, 
801, 211, and 216,) has been, it would seem, much relied upon, not only 
by the ingenious and respectable superintendent himself, but likewise by the 
author of the docunient just recited, a& a standard whereby to test the com- 
parative merits of railways and canals. In proof of this, we cannot have bet- 
tsr evidence in the one case than the fact that, instead ot continuing the rail- 
inray down the side of the river Lehigh, from Mauch Chunk to the Dela- 
ware, at Easton, a distance of 461 miles, upon a descent, in favor of the 
trade, of about 8 feet per mile, a canal and river navigation has been formed,, 
at an expecfse of $1,558,000, or S33,326 per mile; or, in the other case, 
than the prominent array of pages in which this railway finds notice in the< 
document ' 

We shall endeavor to show that the Mauch Chunk railway is not only a 
peculiar one, but.that the results upon it should, in no wise, be held up as a 
precedent^ or as a test of the railway system, much less as an argument in 
the comparison of that system with canals, unless, indeed, due allowance is 
made for all the conditions which are peculiar to it, or to those similarly 
circumstanced. 

From the summit near the mines, to the head of the chute or inclined 
plane at Ms^ch Chunk, the distance by the railway is 8 miles, with a descent 
of 767 feet; the descent is nearly uniform) and is, therefore^ at the rate of 
96 feet per mile, or 1 in 55. 
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, ^ In hii official leport'to the board of miaDagen^ dated Philaddphia, 1st 
lao. ISthy 1899, the superintendent observes: <* Perhaps some remarks on 
our experienpe v^ith our ^ilroad, on which has been transported upwards 
of 60,000 tons, may settle the question with some of our stockholders, who 
We doubted the policy of candling the valley of the Lehigh, in place of 
making a railroad." (See Doc. No. 18, -p. 164.) 

The following estimate, after some remarks regarding the Srie canal, is 
theo presented, to wit: 

{ 

_ s 

<< Cost of transportation on our Railroad for the year 1828. 

*^ Mules and horses cost li cents per ton per mile. 
«< Hands, . - U do do 

^'Repairing wagons, $ do do 

*« Oil for do i do do 

^' Total, ^^^ cents per ton per mile.'' 

The superintendent, it appears, has also published estimates, &c. in the 

HIaueh Chunk Courier, under date of the 5th mo. 20th, 1830, in which he 

states the cost of mules and drivers for the year 1829« to have been about 

• cents per ton per mile, being a saving over that of the previous year of 

t^^^thirds of a cent per ton per mile. The statement proceeds to show that, 

^^ the date last mentioned, a further economy, to about the same amount, had 

eo realized; for that the mules and drivers were then estimated to cost 

uly 14 cts. per ton per mile. The statement is as follows: (See p.' 170, 

No. 18.) 

* < Coet cf hands and animal power, from the summit to the end qfihis 

*^ roady descending all the way. 

<<28 mules go two trips a day, and draw up 42 coal and 7 mule wagons, 
^to carry down th^ mules) each trip, &c. going 32 miles a day; the 42 wagons 
^ach carry 33 cwt. coal each trip; total 134 tons. 

<< 28 mules at 33 cents a day « US. 24 

** 4 drivers 90 do » 3.60 



<<|ll2.84-i-134»I0ets. 
<* for 8 miles, or 1^ cents per ton per mile.'' 

The cost of this heavy item, has, therefore, according to the document 
been, through good management, decreased, since the year 1828, about 50 
per cent. Nor will this be deemed extraordinary, when we reflect that it 
IS impossible for the human mind to embrace, in advance, so as to provide 
for every contingent circumstance that will have a bearing on the economi* 
cal management of a new work. It is obviously unfair, therefore, to met*, 
sure the value of a whole system by a standard so distorted and monstrous 
as that generally afibrded by first experiments. 

We shall now proceed briefly, upon scientific principles, to test the value 
ctf the descent by gravity, which, it seems, (p. 165) in comparing the cost 
of transit upon it, with that upon canals, is to be reckoned one of << the fa* 
▼orable circumstances attending that road," inasmuch, as <^ being located 
upon a plane descending in the direction of the load, and requiring no expen* 
sive or complicated machinery in its use, [it] approximates, in facility of 
istrant, to a sm^ll canal,^* (psges 163^.) 
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Fortj-two wagOM laden with 67 tons of coal, and 7 Wagona eaityint t8 
mulesy destend by their gravity, conducted by 4 men, whpi with the braKea, 
' regulate the speed; otherwise, the distance being 8 miles, andjfate of de- 
scent 1 in 55, the velocity would become ruinously great The descent 
having been performed in about 1^ hours, the four drivers return throogh 
the 8 miles up the ascent of 1 in 55, with the 49 wagons; that is, 31 mules draw 
42 empty coal wagons, and the remaining 7 mules ascend with the 7 mule 
wagons. In order that this round shall be repeated in the day, so as to 
transport 134 tons of coal daily, the ascent has to be performed at the rate 
of about 4 miles per hour, for two hours; so that the two entire trips over a 
distance of 32 miles, are performed, as the day's work should be, in 8 hours; 
making allowance for detentions at each end of the road, and at the hrif* 
way station, where, it being a single railway, the trains have to pass each 
other. 

The labor performed by each mule in a day, in addition to the muscular 
exertions necessary to his own exertion on a level, is therefore the sum of 
the forces required to overcome his own gravity, together with the gravity 
and friction of two empty coal wagons, on 16 miles of railway, ascending 
1 in 55y and at a speed of 4 miles per hour. The way is much curved, and 
some of the curvatures have a radius not exceeding about 160 feet, and there 
is considerable flange friction. The wagons work with inside bearings and 
have wheels two feet in diameter. They have about the same model as the 
English coal wagons with which Tredgold was conversant, and consequent- 
ly about the same amount of friction, to wit: the j^th. 

If the weight of the empty wagon was one-third of that of its load 
(32 cwt. 8=3,584 lbs.) it would be about 1,200 lbs. ; but, in the smaller wagons, 
this ratio cannot well be attained: we shall, therefore, in the absence of pre- 
cise information on this head, assume it at 1,300 lbs. A mule that will 
perform the work of an average horse, is lighter than the horse, and his 
weight may be about 550 lbs. 

Gravity of the mule =s 550 divided by 55 - x= 10 lbs. 

Gravity of 2 wagons =2,600 divided by 55 • « 47 J 

Friction of do » 2,600 divided by 144 - » 18 

Gravity and friction of 1 mule and 2 empty wagons • a 75^ 

This will be reduced to its equivalent, with a velocity of 2| miles an hour^ 
thus: 

2i : 4 ::75^ : 120i Ibs.»the ^draught of each mule at 2i miles per hour 
16 miles in a day, which is somewhat less than 125 lbs. the draught allowed 
for a medium horse 18 miles in a day. The difference is probably made up 
in a small increase of the friction, beyond 7^^, or it may be that, owing to 
the manner of working, the effect is, nevertheless, equivalent to 125 lbs. 
under other circumstances. The difference, however, is small. 

We have calculated what the grade of the road should be, that the trac- 
tion necessarily employed in returning with the empty wagons shall be pre- 
cisely the same in amount as that used in drawing the loaded wagons, and 
find it to be about 21 feet per mile, or 1 in 253. At this grade, a horse of 
medium strength, or a mule, if that animal is preferred, will draw nine wa* 
gons^ as will appear by the following calculation, which will, at the same 
time, show the force of traction to be the same in either direction. To ob- 
tain a correct result in the other case, we took into the account of the gravity 
of the agent or amle, and we shall do so here lvVb&viv»«* 
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3584)<ld00a4884 lbs. wt of one wagon and its load, and the weight 
of the train of 9 Wagons is 43,956* lbs. subject to friction, plus 550 lbs. the 
wt of mule gives 44,506 lbs. the weight of the entire mass in motion in the 
descendine course, and subject to gravity. 

Frictions 43, 956 divided by 144a306 
Gravity ».44,506 divided by 253..176. 
Take the ditference (for the gravity aids,) ISO. 

There remains, therefore, 130 lbs. traction for the work of the animal. 
In ascending, the nine empty wagons will weigh 11,700 lbs. subject to 
friction, plus 550 lbs. for the mules 12,250 lbs., the whole weight in motion, 
and is retarded by gravity. 

Friction a 11,700 divided by 144«.81 lbs. 
Gravity s 12,250 divided by 253a49 

The sum of which is - 130 

and the traction, or force exerted, is the same in ascending, as it will be in 
descending. 

The force of 130 lbs. has to be exerted for 16 miles in a day, and this 
is equivalent to a force of traction of 116 lbs. 18 miles in a day; for 
18^ 16 :: 130 : 116. Consequently, this exertion is within that usually reck- 
oaed as the day's work of a medium horse. 

In this arrangement, the animal makes but one trip in a day, to wit: ht 
travels eight miles down the inclination with the loaded train of nine wa- 
gons, and on the same day he is made to return 8 miles up the ascent with the 
train of nine empty wagons: thus, each animal transports 9 wagon loads of 
coal in a day, and 28 mules will convey 250 loads in a day. 

In the actual arrangement, however, the 23 mules make two trips in a day^ 
each trip conveying 42 wagons, that is 84 wagon loads per day. 

We see, therefore, that, as the road is actually graded, and, notwithstand- 
ing that the laden wagons descend by their gravity, and that the mules ride 
in the bargain, yet the animal power^ under these circumsianceSy hoMonly 
the one-third part of the useful effect that it would have if the line had 
been graded to the best advantage ybr such a railway. 

Consequently, the power costs threefold what it would then do: added to 
this, the outlay upon the mule wagons^ together with their wear and tear, 
and their action upon the railway itself, would likewise be saved. And ye^ 
these are the practical results attendant upon the use of a railway that is to 
give tone to the opposition raised against the whole railway system, when 
any part of that system conflicts with a canal! 

With respect to the wear and tear of .wagons, which, upon this road, is report- 
ed at two-thirds of a cent per ton per mile, (p. 168, Doc No. 18,) it must be 
borne in mind that the cost is estimated on the distance through which the 
coal is conveyed; which is only one half of that traversed by the wagons, 
these having to return empty; consequently, the wear and tear of the wa- 
gons, in returning, is that much more added to the cost of transportatioii 
per ton of freight, than it would be if the wagons were laden in both direc- 
tions. Again: the cost of wagons upon this road is also enhanced, very con- 
siderably, by the mule wagons, since the transportation istaxed with the wear 
and tear of one mule wagon in running 16 miles for every 8 miles passed 
over by the coal conveyed in 6 coal wagons, and, likewise, by that occasion- 
ed from carrying the mules 8 miles.' We must further observe, thatlKva 
estimate was given as the wear and tear that occutt^dLm^3^^«a^x\^%'^^ v^^^ 
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therefore, it is augmented by the effects consequent on the high yelocitiei 
which were employed upon this road in that year. It is not doubted that the. 
causes here mentioned, without supposing any want in the general economy 
of the concern , either as respects the plans or the constructions, are altogether 
sufficient to account for this item being more than one-fourth of a cent per 
ton per mile. With respect to the effects of the high velocity which swell 
this estimate, as well as that of the cost of repairs of the railway— see ** ex- 
tracts from letters of Mm White to a distant correspondent, Mauch Chunk, 
3d mo. 5th, 1830,»> (p. 171-2, Doc. No. 18.) 

Much reliance has been placed upon the experience with regard to the inju- 
rious effects that resulted n^om the high velocities of 20 to 30 miles an hour, 
which were employed in the descent upon this road during two months of 
the year 1828, and conslusions are drawn from thence against the practicability 
and expediency of high velocities upon all railways. Now, this is a rail- 
way on a very limited scale, peculiarly circumstanced, and very cheaply 
constructed. The way is very narrow, being only three aud a half feet in 
widthbetweenthe rails, the wagons are consequently narrow inproportion, the 
wheels are only two feet in diameter, and some of them, those of the mule 
wagons, for instance, only 20 inches, whilst the track is very much curved^ 
even with a radius of 160 feet; the iron bars constituting the rails, are thin, 
narrow, and short, having a thickness of three-eighths, and various widths of 
from 1^ to 2 inches, and they were laid upon cheap wood, which yielded to 
the pressure. The cheapness of the construction is indicated by the cost, 
being only 83,050 per mile, inclusive of the graduation of those parts that 
were not laid upon an old turnpike. The wheels were not coned so as to 
suit the curvatures, nor so as to prevent the flanges of the wheels* from act- 
ing against the rails to the manifest injury of the wheels and railway. The 
centrifugal force in these curvatures with such velocities, doubling the heads 
of deep ravines, and whirling round the abrupt protuberances from the pre- 
cipitous mountain side, was awfully great upon this road, as we have more 
than once personally experienced. The number of revolutions for wheels so 
small in diameter, was, by far, too great for the useful durability of the parts 
subject to attrition, unless the journals and boxes had been protected from 
dust, and otherwise constructed in the very best manner— conditions which 
cannot have place, it is believed, with bearings inside of the wheels. Nor 
would any velocity secure the advantage of a third trip upon this road in the 
same day. Viewing all these conditions, we should thmk k exceedingly 
evident, that rashness itself would scarcely contend for the higher velocities 
here that could safely and profitably be maintained where every part should 
be planned and formed upon correct scientific principles, with a view to such 
a result. And where, but in the want of information with regard to the phi* 
losophy of motion and forces upon railways, are we to look for a charita* 
ble reason, why the little peculiar railway under consideration, and the ope« 
rations upon it, should be used as a measure in estimating the value of rail* 
ways, and the degree of speed admissible upon them? . 

In the first place, the Mauch Chunk railway is located and constructed 

and traversed in a manner rendering it impossible that it should approximate, 

in its effects, to any thing beyond those of <' a small canalf^' and its use is 

suspended nearly one half of the year, in consequence of the canal, to which 

it is made only an aid, being unnavigable from the effects of frost In that 

mountain region, or for repairs. In a word, the fate of this railway has 

ieen predetermined to be such, that Vt cau at beat only belong to a grade of 

apjrorement ranging betweea turapvke ToaAa audiCMikiiXi^ «ba^ voL^hft aezt 
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place, we are told with emphasis that in its use it approximates to that of 
I ^^ a small catialj* and that, in general, railroads must be considered as oc- 
cupying a place intermediate between canals and turnpike roads. 

The useful effect of a 'horse on the Cumberland turnpike road, of a mule 
on the Mauch Chunk railway, and of a horse on the Baltimore and Ohio 
railroad, taking the latter as reported by W. Woodville^ the agent of trank* 
portation, and performed chiefly with the chilled-box car, will be respec* 
tively 1\ tons, 38i tons, and 221 h tons, drawn one mile in a day; being in 
the ratio of the three numbers, 1, 5\y and 31i; from which it will appear — 
Ist That the animal force of traction is rather more than five times as 
effective on the Mauch Chunk railway, as it is on the turnpike road between 
Baltimore and Wheeling, whilst, on the Baltimore and Ohio railroad, it is 
31 times as effective. 
J ^i» That these effects are about 6 ^times as great on the Baltimore and 
Ohio railroad as they'^are on the Mauch Chunk railway; that a mean be* 
tween the Baltimore and Ohio railroad and that turnpike being 122 tons, 
conveyecl one mile in a day, therefore, the Mauch Chunk railway, in this 
respect, scarcely reaches to one-third of that mean. 

in dismissidg this branch of the inquiry, we think it proper to state, 
distiiictly, that it has been no part of our purpose to endeavor to show that 
i the affairs of the Lehigh coal and navigation company have been mis- 
I managed. Far from it. As pioneers in the cause of internal improve- 
' ment, they have done much, and their efforts should be duly appreciated* 
^ Our purpose has only been to exercise our limited effoHs defensively, after 
^ being driven, as it were, 'Uo the wall," in document No. 18, publish- 
ed and circulated throughout the Union at the public expense, (the right 
or propriety of which we do not question,) in essaying to make it evidently 
appear that, whether this railway had been located, constructed, and man- 
aged, properly or improperly, scientifically or otherwise, yet the facts attend* 
ant upon it were such as by no means to justify the erroneous conclusions 
which we apprehended might possibly, if left unnoticed, be drawn from the 
numerous quotations and remarks in relation to this railway, which appear 
in that document. ^ 

^ llie period fixed upon for the duration of wagons upon the Mauch Chunk 
^ railway, is four years, as appears in document No. 18, page 170. In our 
estimate of cars, however, for great lines of railway, we have predicated the 
amount of cost upon superior plans of construction, and which, it is confi- 
dently believed, will ensure more durability, and have assigned five years 
as the limit of duration. We have estimated the annual expense accord- 
ingly, at the same time having due regard to practicability. It may be 
pertinent here to state that, in the autumn of 1830, we visited the line of the 
railway of the Delaware and Hudson Canal Company^ situated in Pennsyl- 
vania, and observed the operations upon it. At Carbondale, we were par- 
ticularly informed by the engineer and the superintendent in relation to 
the cost of repairs in the wagon department Each wagon carried 2| tons 
of coal; had 3 feet wheels and inside bearings, the body resting upon the axles 
by means of cast iron chairs or seatsj which, like those of the old English 
. coal wagon, were not chilled or hardened; consequently elicited the more 
friction and wear and tear. This wagon, however, compared very well 
with those at Eillingworth, England, and had the same frictipn, to wit, ^i oths. ^ 
Their first cost is £120. •The following is our memorandum made on the 
oeeasioii, at CarboadtJe: 
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^^ Wear of Wagons. 

'< The bodies or beds must be renewed every t\yo years. These bodiei 
cost {2130. The iron work would be good at the end of the two years, abd 
tl^us the renewing would cost about {JlSlO or $S per year. The wheels «riD 
last five years, if well chilled, but, with the loose wheels, the flanges will 
wear out first, to wit: J. Archbald, the superintendent, thinks in three yean^ 
and hence they are going to adopt the method of fast wheels as decidedly 
the best 

<< The seats must be renewed once a year. They cost about jBl 75 per wagon. 
The axle must be taken off, and new collars put on, and turned once a year; 
cost il3 00; add for contingencies, such as repairing brakes and other mat- 
ters, $5 25 per annum; making the annual repairs of a wagon, $\5 00. '^ 

In order to perpetuate the wagon, we must add, for the renewing of (be 
wheels, say $1 75 per annum, and 27 dO for interest, plus $2 40 for inters 
est on spare wagons; the whole amounting to SI32 35, as the entire estima- 
ted annual charge incident to the use of a coal wagon used on this railroad] 

The wagons are made to travel 4 miles per hour on this railjyay, and they 
will therefore make one trip in a day, to wit, 16 miles with coal, and 16 
miles back empty. The operations upon this railway being also affected by 
the navigation upon a canal, we will assume 225 days as the duration of the 
year's work; and one wagon will carry in a year 2| x 16x225 as 9900 tons 
coal, one mile, for 3235 cents; being i of a cent per ton per mile, and just one 
half the estimate at &Iauch Chunk, given in page 164, document No. 18. 

The cost of coal wagon?, however, will continue to be greater than that 
of cars on other railways, in consequence of the greater wear and tear of the 
bodies. 

With regard to the cost of transportation on this railway, between Car- 
bondale and Honesdale, I have no doubt that it is three or four fold more 
than it would be on a level railway of equal length, even with the imperfect 
wagons there employed. A level road would be 16 miles in length. From 
Carbondale, the coal is elevated to the summit of the'mountain at Rix's gap, 
by means of five stationary steam engines, that work as many inclined planes. 
There are short levels between, worked by animal power, and there is from 
the mines to the foot of plane No. 1, at Carbondale, a distance of 2250 feet, 
having an ascent of 1 in 75, also worked by horses. The whole altitude 
overcome in ascending the mountain is about 850 feet. The wagons used, 
have a friction in equilibrio with gravity, on an inclination from a level of 
26.4 feet in a mile. Wherefore, the power of traction would be doubled on 
an ascent of 26.4 feet in a mile. Hence the gravity opposes an ascent of 
each 26.4 feet, with a force equal to that opposed by the friction on a mile 
of the level parts of the railway; and, consequently, as many times 26.4 as 
is contained in 850 jfeet, the rise of the mountain, by just so many miles of 
level road, would it virtually lengthen the distance. This will add 32 miles 
to the. 16* Again: although the roads descend about 700 feet by gravity 
upon self-acting planes, yet the cost of ropes and other machinery is so con- 
siderable, that I doubt not other sixteen miles should be added; and we thus 
conclude that a level railway, 64 miles in length, between Carbondale and 
Honesdale, would be as economical as the present one, which is only 16 
milea in lenf^ih. : 
Benjamin Wright, whose name has been ^\T«^df m^xitloned^ had, it ap- 
peara from, page 173, document No. 18, ex»m\vi^dL vcAa^^^ ^o^ ol Vc^tA^t- 
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Ution on this railway, at the desire of the company, and reported the cost 
to be from 3i to 3| cents per ton per mile; and We have every confidence 
in the correctness of his statement. When we visited that road, we found 
it to be about 3^ cents per ton per mile, when the quantity of coal trans- 
ported was 250 tons daily. But the engines and machinery were calculated 
m a transit of 400 tons daily, and it was the opinion of the superintendent. 
when the latter mentioned tonnage should be passed, which they expected 
to effect, the cost would be reduced to about 2i cents per ton per mile^ or 
S71 cents for the 16 miles. 

* Taking, however, the cost at 3i cents, and equating for a level road, we 
have 64 : 16 : : 3i to very little more f of a cent per ton per mile. 

Inclined planes, worked by stationary power, become quite expensive 
per ton per mile, however, when the tonnage is so, small as 250 tons per 
day, or about 56,000 tons in a year of 225 days, which, it appears, is the 
tioie calculated upon for the navigation that is to connect the market with 
the railway. Let the quantity be increased to from 500 to 1000 tons per day, 
jriiich it should be on a gk*eat line of railway, and let the railway be untram- 
melled by a ciinal, so that it could continue active through the winter season^ 
ttod the case will be widely different. 

It should be recollected that the Delaware and Hudson Canal Company 
ktve had the honor of being the first in America to introduce the stationary 
iteam engine system upon a railway. May they be well rewarded for their 
enterprise ! 

Presuming that it will not be doubted by any one'that so small a quantity 
1156,000 tons per annum is transported 16 miles across a mountain suminit 
kflO feet in height above the termini of the road, in the manner that has been 

Sentioned, at a cost of about 3^ cents per ton per mile, including the pay, 
re, boarding, and feeding of all the men and horses, and the cost of harness; 
dso superintendence and the depot expenses at Honesdale; also the expenses 
9f working the engines, fuel, and engineering; the repairs of ropes and of 
Wigons, and the supply of oil; do we not see how entirely practicable it is 
tD pass the Alleghany mountain, from the eastern to the western waters, in 
jR^isely the same manner? It would not Require more than double the 
^'tude already mentioned, and perhaps not so much, to connect the partf 
^the railroad upon which the locomotive engine could ply on either side, 
Igr a line of railway without a tunnel, that should be worked with station- 
W^ power. The length of this part of the railway, as it would overcome, 
Jl^ double the height, would likewise be twice the length of the railroad of 
^ Delaware and Hudson Company; consequently, since the fuel would be 
dually abundant and cheap on the Alleghanyj the transportation should not 
^M more than on that road in the distance embraced by the system of in- 
^ined planes and stationary engines, notwithstanding that the amount of 
iitanage should be vastly less than that which would unquestionably pass up- 
9ii a railway that should connect the tides of the Chesapeake with the steam- 
ittat navigation of the Ohio. When passengers shall be added to the con^ 
i^yance, as they will be across the mountains, the railway being continuous 
Ipd operative throughout, the year, it could not fail to be immensely profit- 
pie, as a stock, and proportionably advantageous to the country. 
" The charge for the carriage of commodities from Baltimore to Wheeling^ 
^ the turnpike road, averages about 2 cents per lb. or $44 80 per ton on 
fie whole distance of 266 miles, being at the rate of about 17 cents per ton 
f^mile! 
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We will now compare this with what may be the cost of transit per toi 
per mile over that part of a railway to connect the Chesapeake and Ohioy 
which would be much the most expensive to manage, as it would necem* 
rily be incumbered with the stationary system and inclined planes, Lengtk 
32 miles. 

The route may be supposed pretty expensive, and may probably ooit 
02OyOOO per mile in the construction, or 11640,000. Sixteen statioou; 
steam engines/ houses and fixtures, at 910,000 each, (86,000 was the costoi 
the Delaware and Hudson railroad, but these should be more powerful,) ii 
0160,000, making together 0800,000, or 025,000 per mile; the annual in- 
terest of which is 01,500, and, for the present we shall assume the repaintf 
the railway at 0500 per mile per annum. The annual charge for the tKfr 
tal, including repairs of the railway, therefore, is 02,000 per mile. 

We shall now assume, ^which will be too low) that only about thrice tin 
tonnage shall pass the Aileghanies, in both directions^ in the year of 311 
days, that has been mentioned as passing in one direction only on the IM^ 
aware and Hudson railroad, in 225 days, to wit, 150,000 tons. A toll of 
li cents per ton per mile will pay the estimate of 02,000 for interest wk 
repairs; and if we assume the cost of transportation tQ be equal to that « 
the other railway, under the disadvantages mentioned above in relatioa ti 
it, that is, 3i cents, then the toll and transportation together will amouit 
to 4/j, or a little exceeding 4) cents per ton per mile. 

It is highly probable, therefore, that the entire charge upon this mouatiii 
section of the railroad will not exceed the one-fourth part of the present ni 
of charge upon our turnpike roads. The charge of 44 cents will not be fa 
from that which the Baltimore and Ohio Railroad Conipany is allowed bjrbw 
to make. The investment would therefore be remunerated, while the pnk 
lib could be saved three-fourths of the cost of carriage on the turnpike m4i 
upon a trade immensely augmented. 

It will be recollected that this result in the calculation has been attaiocj 
without allowing any income from the conveyance of passengers, and lib* 
wise without drawing to the aid of this expensive section any part of tkl 
greater profits to accrue from the more level portions, and which will eoi*. 
stitute, by far, the greater part of the entire railway. I 

Although the stationary system is entirely practicable, y^ being mon 
expensive than either that of locomotive engine^ or horses, that sjrstei 
should not be resorted to upon a level, nor upon srades where the otbe; 
modes will apply to advantage. It should therefore be employed oolf 
where great and sudden changes of altitude have to be met 

In the parallel which we have just drawn between the railway of the Dd* 
aware and Hudson Company, and one which should be made to overcoal 
that part of a route across the Alleghany mountain, requiring the statl 
engine system, we must not be considered as in anywise indicating the 
by which that mountain should be passed by a railway to extend from 
Chesapeake to the Ohio, since the point at which the Ohio should be inl 
fleeted has not been fixed. 

Having made this explanation, we shall now claim indulgence while 
briefly contrast the railway and canal systems upon the routes surveyed 
estimated across that mountain for the Chesapeake and Ohio canal; and,i 
doing this, we shall not avail ourselves of the estimate of the Unitdl Stai 
board of internal improvement, at the head of which was (General Bei 
on the contrary, we shall take that stated onpagefl 128, 3, 4, 5, of doeu 
Nos 18, B$ ihe efltifliate oC N. S. Roberts sod JL Cniferi*^ civil ngi 
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This sectioD of Ihe roub includes the summit leyeli upon which there is to 
to be a tunnel four miles in length, piercing the mountain upon a level some 
800 feet below its crest; it likewise includes the reservoirs to supply the 
summit level and contiguous parts with water. The length is 35| miles, 
with 139 locks, overcoming an altitude of L028 feet on the eastern side of 
the summit, and 28 locks lifting 224 feet on the western side. The dii^ 
tances and estimate may be stated as follows: 

Miles. Chs. 

Summit level 5 40 estimated to cost • .. jS 1,856,056 

Eastern side 15 60 .... 1,370,618 

Western side 14 40 .... 503,043 

Totals, 35 60 .... 3,729,716 

' This amount upon 352 miles is at the rate of 0104,320 per mile. 

These estimates are predicated upon a breadth of 48 feet, and a depth of 5 
feet for the canal, excepting the tunnel, which was to be 22 feet wide, in- 
clusive of 5 feet for the towing path. The cost of the tunnel alone is esti- 
mated at $1,610,821; but the author of document No. 18, on page 120, 
gives his opinion that the width allowed << is about 17 feet leas than the great- 
est utility of the work would require,'^ and, after commenting upon the et* 
timate of the engineers, further advances his opinion that the cost of the 
tunnel should be <*put down at 02,200,000, including all contingencies. '^ 

We shall proceed, however, without correcting the . estimate of the en- 
l^eers, as is here recommended, although it is much less than the sum* esti* 
inated by the United States' board of internal improvement; and it will be 
' observed that, supposing, in case -of a railroad, the tunnel should be dii* 
pensed with, then the proportion of the altitude to be overcome, compared 
with the distance or length of the road, will be about the same as that of the 
Delaware and Hudson railroad, or of the one which we had supposed would 
be required upon almost any route across the Alleghany mountain. And, 
therefore, the cost per mile of both toll and transportation, will not exceed 41 
cents per ton, as we have already endeavored to show. 

Let the cost per ton per mile now be reckoned upon these '352 miles of 
canal, the construction of which is estimated to cost jtl04,320 per mile. 
. On account of the great number of locks, and the magnitude of the reser* 
iroirs, which would have to be maintained upon this dhort section of canal, the 
repairs would go much beyond an average amount for canals, and we think it 
' a moderate assumption to rate the annual repairs, in this instance, at iSl,000 
per mile. 

An allowance for attendance at the locks must likewise bo made, inasmuch 
as, upon the railroad, the cost of transportation, at thesame as upon the Dela- 
ware and Hudson railway, which included the engineering and attendance 
at the stationary engines and inclined planes;; we shall set down the 
attendance at only jSlOO per annum per lock; which, for 167 locks in 35i 
miles, is iS467 per mile: 

The ioUs will therefore depend upon the following items of annual inter* 
est and expense per mile: 

1. Interest on jtl04,320, (the cost per mile) . • • fi6,259 

' 8. Repairs per mile, .....* 1,000 

3. Attendance at the locks, . . . . • 4§T 



Amounting per annum, per miltp le f7>lM 
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The toll, therefore, when 150,000 tons shall pass in a year, (as was as- 
sained in estimating for the railroad,) must be 5i, or a little exceeding 5 
cents per ton per mile. 

The cost of transportation has yet to be added. It is contended by some, 
that the cost of transportation at 2i miles per hour upon a spacioui^ canal, 
(with but little lockage, it is presumed,) can be reduced to half a cent per 
ton a mile. If we take this favorable assumption, and allow the speed to 
be'2i miles per hour, when there is one lock to the mile, the time employed 
in passing 35} miles will be 14 hours. In addition to one lock to the mile, 
there will here be 131 locks, and the time allowed for passing them, accord- 
ing to the estimate of the United States' board of internal improvement, (see 
page 101, document No. 18,) is 17 hours. The whole time spent in pass- 
ing these 351 miles of canal will, therefore, be 31 hours, and the cost of 
transportation will be proportionably increased; then 14 : 31 : : i a cent: 
1 i cents per ton per mile. * 

The entire cost, therefore, to be charged upon this section of the canal, 
will be (according to the data) 6^ cents per ton per mile; whereas upon a 
railroad, worked upon the stationary engine system, it will not exceed A\ 
cents. 

It must be borne in mind that this comparison is founded solely upon the 
freight of commodities; that the railroad will be relieved, to a considerable 
extent, by the receipts from the conveyance of passengers and the mails, 
whilst the tolls upon the canal, independent of the transportation, would ex- 
ceed both the tolls and transportation of commodities on the railroad. 

It must likewise be recollected that we have transferred the cost of trans- 
portation found to obtain upon the Delaware and Hudson railroad, when the 
quantity transported daily was oiily 250 tons, or 56,000 tons per annum, 
to the estimate for the railway across the Alleghany; but it should be re- 
membered, that the rates of transportation by means of stationary power, 
becomes much reduced when the engines and planes are worked more 
nearly to the limits of their full capacity. The steam, epgines, machinery, 
and attendance, will remain to be very nearly the same. We feel author* 
ized, therefore, to estimate the cost of transportation by means of stationary 
engines when working to the best advantage^ where coal is as cheap as it 
will be on the Alleghany at IJ cents per ton per mile, at the most 

If it be said that double the tonnage which we have allowed, or 300,000 
tons per annum, will pass the mountains, we say, in that c&se, that the capa- 
city of the engines and planes will be competent to this, and that the cost 
of toll and transportation by the railway would not exceed 2\ cents per toa 
per mile, whilst it would still be as much as 3| cents by the canal. 

So recently as the. beginning of the year 1829, the relative economy of 
the stationary and locomotive systems, upon level railways, or upon those 
but slightly inclined, was warmly contested in England, and the question 
was not put at rest until the recent improvements in the locqmoiive engine, 
already alluded to, took place.' 

About, that time, the directors of the Liverpool and Manchester Railway 
Company appointed two engineers of known ability, (Walker and Rastrick,) 
to examine the railways in England, and to report << what, under all cir» 
cumstances, is the best description of mbving power to be employed uppo 
the Liverpool and Manchester railway. '^ See Reports, &c, Carey & Lea, 
Philadelphia, 1831. These engineers reported that the amount of freight, 
to wit, 2flOO U^nBf might lie conveyed daily in each direction between Liver- 
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pool and Manchester, at the rate of 10 miles per hour, either by the fixed 
engine, or by the locomotive system; they appeared to incline rather in 
favor of the former, since they conceived it necessary, in either case, to 
work the Kainhill and Sutton planes, ascending I in 96, with fixed engines 
Without including the wear and tear of wagons, and rating their friction tt 
the j'J^, these engineers reported the rate of cost per ton per mile, upon tbjB 
locomotive principle, to be - - . - .2787 of a penny. 

And upon the stationary plan, ... «2134 of a penny. 

And by horse power, - - - - .4500 of a penny. 

The latter, wheo the horse takes back the empty coal wagons. This es* 
timate for horse power was made from the operations of the horse at a speed 
ol^i miles per l^our, upon the Brenton and Sheelds railway. It should 
here be noted that the purchase of one such horse, was there, at that time, 
d640^ and his keeping jiS50 per annum; and we see from this, that the cost 
of that animal is there twice as great as in the United States. 

The report, as has been mentioned, was not very decided as to which 
system should be adopted, notwithstanding the expense for a very large trade 
predominated in favor of the stationary plan, each system had its peculiar 
advsTntages and disadvantages. 

The engineer of that railway, however, was very decided in favor of the 
locomotive system, and the directors offered a premium of £500 for tb« . 
best iniproved engine of a given weight and power. In the course of that 
year, the locomotive engine received new and valuable improvements, and 
the question which, for years, had been {unsettled, was now determined in 
favor of that engine. Its relative powers, in 1828 and 1830, have been |J- 
ready stated. , 

Since the improved locomotives were brought into use, it has been esti- 
snated that the expense, per ton per mile, by these engines, 
will be - • . - - - ^- .164 of a perAiy, 

And by the stationary system • - . .269 of a penny. 

We are not yet prepared to say, from experience, what the cost of con- 
veyance by the locomotive system will be in this country. We think it 
• probable, however, that an engine, capable of conveying 30 tons of freight 
120 mites in a day, will cost, including interest, repairs, renewals, en* 
gineering, attendanoe, and fuel, from $d to $15 pes day, according to the 
price of fuel at the place demanded; and the cost^ per ton per mile, in the 
one case, will be i of a cent, and in the other 5-12, or something less than 
i of a cent — 'more exactly .417 of a cent 

Now the cost of horses and their drivers, was found to be, 
when 1 man drives 1 horse, per ton per mile - - .4 of a cent, 

«nd when 1 man drives 2 horses * - -^ - •267 of a cent 

When, therefore, the locomotive engine costs but $9 a day, it will be 
cheaper than ^horse power, under either of the foregoing circumstances; but 
when it shall cost $15 a day, it will cost about as much as horse power. 

In all places, therefore, where coal is cheap, the power of the locomotife 
engine will be cheaper than that of the horse, when the latter moves at a 
speed of 2i or 3 miles per hour, and the former at 10 miles. 

The great advantage, however, to result from the locomotive engine^ 
does not so much consist in the small saving that there may be in the cost * 
of conveyance at slow speeds, as in the circumstance that the cost of trapsit 
by it, will be very nearly as cheap at 10 miles per hour as at any less )re» 
locity; and this ^dds greatly to the capacity of the railway, and lessens tilt 
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number of cars necessary to do the saiile amount of business; while the 
freight can be carried, without conflicting with the regular and speedy con- 
veyance of passengers, or tbe mail. Upon some lines of railway, it may 
become expedient to travel with a^ velocity of 15, and even 20 miles per 
hour: and, as any speed, exceeding 10 miles, is obviously beyond the capa* 
bility of the horse, the locomotive steam engine can, alone, there be used' 
in the conveyance of passengers. 

With regard to the cost of transportation upon canals, there are various 
and conflicting statements, as well as in respect to railways. We have 
shown that the cost by the latter when level, or slightly departing from a 
level, may be reduced to about half a cent per ton per mile, with horses, 
including the coAt of. cars, and that it will vary according to the number of 
^ drivers employed, from that to Iths of a cents. It appears that, on the 
' Erie canal, the cost, with boats of 40 tons burthen, is one cent per ton per 
mile« with full loads in one direction, and empty in the other. 

The information we personally obtained, in the autumn of 1830, upon 
the works of the Delaware and Hudson Canal Company, in relation to 
their canal, was, that two men, a boy, and a horse, would convey a boat, 
freighted with 95 tons of coal, 20 miles in a dayt in October, however, 
owing to the want of water, the quantity carried was only 20 tons. Tbe 
transportation was done by contract for $1 50 per ton; the length of the 
canal being 108 miles, the cost per ton per mile was 1^^*,^ of a cent, ex- 
clusive of tolls; but they hoped to economize to $i 25, or per ton per mile, 
l^y^. This very well agrees with Judge Wright's statement of ** one cent 
to one cent two mills.'' See Doc. No. 18, p. 173. 

The present cost of transit, on the Lehigh canal, in rough arks, is one 
cent per ton per mile. See Doc. No. IS, p. 173. 

With a boat of 75 tons burthen, Josiah White, the superintendent, esti- 
mates the cost of trani^)ortation on the Lehigh canal to be about I of a cent 
per ton per mile. P. 170. 

This is an unusually spacious canal, .being 60 feet wide, and 5 feet deep; 
and there is no doubt that, with a velocity as iDw as 2| miles per hour, 
the traction of a horse would be more effective here than on a level railway, 
but it would be otherwise at any higher rate of speed. 

With respect to the two lesser canals just mentioned, it does not appear 
that they have any advantage over the railway; as respects the cost of trans- 
portation where horses are employed, they would certainly not conripare 
with a railway upon which the locomotive engine could be properly used, 
not to say any thing as to the advatitages which the railway would possess 
over the canals in the winter season. 

The greatest advantages which the railway will possess over the canal, ' 
when horse power is employed, will consist in the continuity of the transit 
upon the railway throughout the whole of the year; as the two most potent 
enemies to canals, 'drought arid frost, do not prevent operations upon the 
railway; and, likewise, in its peculiar fitness for the conveyanbe of passen- 
gers, light and valuable goods, and the mails at velofcities from 3 to 10 miles 
per hour — a range of speed, demonstrated^ by experience^ to be within the 
powers of the horse, and throughout which, his effects upon the railway 
predominate beyond dispute* 

With regard to the conveyance of persons, light goods, and the mails, 
it can scarcely be doubted that the facilities offered by the railwav system, 
ep0O with horses as the motive power, beyond those afforded by either 
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canals or turnpike roads, will be such as to insure to that system a fayora- 
ble reception, and that railways will be required by the country, even 
should they be preceded in the order of time by canals. And when it is 
recollected that the useful eflect of horses will be a maximum, at about the 
same speed at which it will also be equal on both the railway and the 
canal, to wit, about 2| miles per hour, may not the great advantages, to 
arise from the operations of the railway through the winter season, in 
equalizing trade, affording regular supplies, preventing scarcilies as well as 
monopolies; taking to the distant market the products of the soil, when 
the farmer can best prepare his crops for that purpose; rendering unne- 
cessary an expensive and undue accumulation of stock and capital at milli^, 
mines, iron works, and other manufactories, and promoting the general 
industry; we say, may not these great advantages, attendant upon the con- 
veyance of bulky, heavy, and less costly commodities, when added to that 
acknowledged even by the advocates of the canal systen) to exist with 
respect' to the mails, passengers, and light goods, be sufficient to decide the 

Eublic in favor of the railway system? How decisive will these advantages 
e, therefore, when the locomotive engine shall be employed, the expense 
of which will be about the same, at a speed of 10 miles per hour as at any 
less velocity? See Wood's Treatise, ed. 1831, p. 431. 

Cost of construction and repairs. 

The graduation and masonry of the Baltimore and Ohio railroad have 
been completed as far as to Frederick city, 60 miles, and to the << Point of 
Kocks'^ at the Potomac river, 6 7i miles from the depdt at Baltimore; and 
a double railway has been laid down through three-fourths of the distance 
to Frederick, and a single track on the residue of the distance to that city, 
as well as a single track to the <^ Point of Rocks," with the exception of a 
space of one or two miles, which could not be laid on account of the se* 
verity of the present winter at its setting in. The materials are collected 
and collecting for the second track throughout to the Potomac. The branch, 
connecting the main stem of the road with Frederick, is 3i miles in length, 
and it unites with the main line on the western bank of the Monocacy 
river, 56 i miles from Baltimore. 

Almost the whole of the expenses of construction have, therefore, been 
already incurred, and it is easily foreseen what amount will be required to 
complete the work to the extent already mentioned. For information on 
this head, we will quote from the fifth annual report of the President and 
Directors to the Stockholders made, in October last, as follows: <<The actual 
cost of graduation and masonry upon the 71 miles between Baltimore and 
the Point of Rocks, including the lateral road to Frederick, will not exceed 
jBl, 101,615, or $15,500 per mile; and that the cost of a doubleset of tracks 
upon the main stem of the road, and of a single set on the lateral road to 
trederick, will not exceed 2805,238, or $11,625 per mile of road^ with 
a double set -of tracks; thus making the total cost of graduating the entire 
line of these portions of the road, and of laying the rails upon them, 
|[1, 906,853, or 027,128 per mile. About one-third of this line will be. 
laid with stone rails, and the remaining two-thirds with wood.'' 

In this charge is included the heavy expenditures incurred on the first 
division of the road.' According to the report of the superintendent of 
graduation and masonry hereinbefore referred to^ it appears that the griduan 
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tion and iaalMonry ef the Sd, 0d,' 4th| and 5th divisions of the road, em* 
bracing the entire line betv^een Ellicott's mills and the Potomac river, and 
extending over a distance of 54) miles, will cost 9465,443, or $8,540 per 
mile; if to this be added 011,628, the average cost of laying a double set 
of tracks on the entire line between Baltimore and the Point of Rocks, the 
actual cost of graduation, masonry, and laying a double track of rails on 
the road between Ellicott's mills and the Potomac, will be £20,168 per 
mile; and this district, it is believed, may be assumed as affording a lair 
specimen of the labor and expense which will be incurred on the remain- 
ing line of the road, from the Point of Rocks to the coal mines in Alleghany 
•ounty/' 

We are induced to believe that the fact would not be far from what is 
here assumed. The distance from the Point of Rocks to Cumberland, by 
the route surveyed for the canal, is about 140 miles. The route of the rail- 
road, however, «would be made to cut off bends of the river which the canal 
would have to traverse, and it is probable that the line of the railroad would 
be less than 130 miles in length, say 130 miles, at vB20,168 per mile, 

is - . - - • - - - 02,621,840 

Cost from Baltimore to the Potomac « - - 1,906,853 

f 

And the estimated probable cost of a double railway, from Bal- 
timore to Cumberland, is - - - - - 04,528,693 
We are inclined to the opinion that the actual cost would approximate 

much more nearly to the amount just given, than the round sum of 

05,000,000, as given, in our report, to a committee of the Legislature of 

Maryland, last winter. 

ThQ report, just alluded to, was made to the President of the Baltimore 

and Ohio Railroad Company at his request, in order to enable him to com- 

i>Iy with a call frpm the Committee on Internal Improvements of the Legis- 
ature of Maryland, inquiring <<into the relative expense, benefits, and 
facilities of constructing railroads and canals, with a view of ascertaining 
to which of these means the funds of the State can be most beneficially 
applied. '* 

It will be perceived, therefore, that, in making this report, we did not 
voluntarily enter upon debateable ground, but, from a sense of duty, made 
fluch statements and observations as we considered pertinent to the com- 
plex inquiryi and which our limited knowledge and ability allowed us to 
compile. 

This report has been noticed in the third annual report of the President 
and Directors to the Stockholders of the Chesapeake and Ohio Canal Com* 
panVi in a spirit and style most satisfactory to themselves. The third an- 
nual report, however, which contained the criticisms, does not appear to 
have been accompanied by the report which it profqssed to review and 
criticise: it is to be presumed, therefore, that the stockholders are yet unae« 
quainted with that report. 

In the hope that the report may be allowed to accompany the remarks in 
regard to it, and that it may share the public favor to the same extent ai 
the commentary upon it in Doc Na 18, it is hereto appended and number* 
ed 3. It is asserted* in effect, in Doc. No. 18, page 35, when commenting 
upon this report, (now numbered 3,) that there were about 10 miles out of 
the 12, between the << Point of llpeks'' aird Harper's Ferryi not surveyed 
Ajr ujfy aad that our survey was << exclusively directed to those narroi;r 
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pasaesy as the only lines of expected interferenoe between the canal and 
railroad.'^ 

yfe reply, that this is an error on the part of the writer, which he has 
possibly fallen into from the circumstance that this part of the line of the ^ 
railway was not definitively, that is, finally located, and staked out ready for 
contract; all tlie preliminary suveys and levels, however, were taken for 
this purpose, and we have not, therefore, spoken of ground with which we 
were not perfectly familiar. 

.The reasons assigned in the third annual report to the Canal Company 
(see 1st paragraph, page 36, Doc. No. 18,) are, no doubt, not the true ones why 
the construction of the canal should cost more than that of the railroad to 
which it is parallel; and the advantages over the canal possessed by the rail« 
road, in that respect, upon siich ground, are thereby demonstrated. 

We are still of opinion^ that the expense of constructing a canal from 
Baltimore to the <* Point of Rocks'' would be double what the railroad bC" 
iween the same points will eost. But our << reason" for that opinion 
was not that imputed to us in Doc. No.' 18, p. 38. Upon a reference to 
that report, which, as before mentioned, is hereto annexed, and^numbered 3, 
it will be found that we did not, on that occasion, detail our reasons for this 
opinion. The paragraph which it seems has been regarded as containing 
our << reason," is entirely independent of that in which we gave our opinion 
in relation to the route between Baltimore and the Point of Rocks. So far, 
therefore, was the sentence in which mention is made of Doctor Howard's 
estimate for a canal between Greorgetown and Baltimore, from afibrding the 
<' reason^' for the opinion asserted in the paragraph which preceded, that it 
concerned a route entirely distinct and separate from that between Balti- 
more and the Point of Rocks. 

Exception has been taken to our estimate of the probable cost of walfing 
the inner banks of the canal, (p. 39,) and it is asserted that ^^more than 
40,000 superficial yards, one foot in thickness, of such walls, have already 
been constructed in the Chesapeake and Ohio canal, at the cost of less than 
16 cents a yard, including the price of transporting the stone some distance 
by land." It is believed that the slope generally given to the interior 
*banks of canals, is If to 1: with 6 feet depth of water, then, and a bank 
two feet above the water, the base of the slope of each bank would be 14 
feet. It is believed to be necessary, in order to secure the banks froni the 
action of the water, and from the injurious efiects of frost, as well ai to 
render 4he wall itself secure, that it should be based upon the bottom of 
the canal, and be made to extend to the top of the bank, which is 2 feet 
above the usual surface of the water. The shortest distance from the bot- 
tom of the canal to the top of the bank, measured on the slope, will, there- \ 
fore, be 16 feet; hence, the number of superficial yards of such a bank, 
one mile in length, will be 9,387, and of both banks 18,774 yards. At 
the price of 16 cents, which it is alleged such walling has been built for, 
the cost for a mile of the canal would be 03,003 84, whilst our esti- 
mate' was £5,000. This wall is only one foot thick, but we are of opi- 
nion it should be 18 inches in thickness, to insure its stability, and to pre* 
vent the water from sapping the bank through its crevices: then the cost, 
if it should be in proportion to the quantity of stone used, would be about 
184,500 per mile. An angle of 45 degrees instead of 30, which we have 
been allowed for the slope, would be preferable whe\vl\\^W\jL^\%NR'5j!\^^* 
Im BhusLtioQM wJbere artificial canVMLnkm^nU fotm >Xi^ tatis\^ "^^ ^^vw^ 
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should be postponed until these embankments have subsided in their set- 
tling, after which they will be found not to have a less slope than 30 degrees, 
when, to adjust their slope to 45 degrees^ would be more costly than to face 
it at 30 degrees. 

In forming a wall one foot thick, | of a cubic yard, or ^-^ of a mason's 
perch, if stone is employed, and the rule is for the mason to charge the same 
lor a wall 18 inches thicic as he would be entitled to for one of that thick- 
ness, inasmuch as the facing is the same in either case, whilst the wall of a 
less thickness must be laid with more care to ensure comparative stability. 
This charge, therefore, for the laying of ^^jg of a perch of wall one foot thick, 
will be the same as for ,Y^ of a perch. Now, if we reckon at the low rate 
of 25 cents per perch for the mason, and 6i cents for his attendance after 
the materials are all upon the spot, and the banks properly dressed to re- 
ceive the wall, the cost will be about 3I'i cents per perch, amounting upon 
/o% of a perch, to about 17 cents as the cost of each superficial yard, under 
these circumstances^ instead of 16 cents, the cost alleged. It is unacounta- 
ble, therefore, how the wall could have been erected for 16 cents a yard, in- 
cluding the transportation of the materials *' some distance by land,'' unless, 
indeed, we suppose the laborer, as is too often the case in public works, not 
to have received adequate remuneration. ^ 

In addition to the 31i cents, there should be added, in making ah esti- 
mate, an allowance to remunerate the proprietor of the quarry, and likewise 
for quarrying and transportation; and it will be seldom found that the cost 
of a rubble wall will be less than from 75 to 100 cents per mason's perch, or, 
in terms of the superficial yard, from 40) to 54 cents. It has been asserted 
that it is unnecessary to face with stone more than a part of the slope of the 
bank, at and near to the surface of the water; should this be so, our estimate will 
haVe been too high. We should, however, lack confidence in a wall built 
for 16 cents a yard, and also in one not founded on a level with the bottom ^ 
of the canal, unless it were based upon a rock. 

It is conceded, that, where the materials of which the wall is constructed 
are excavated in the formation of the canal, leaving a rock bound bank on 
one side, its cost will be reduced below our estimate, but the excavation ac- 
count wilt be fully charged with the quarrying. It will be recollected, how- 
ever, that it has been said (Doc. No. 16, p. 35) that only about two miles 
out of the twelve, between the Point of Kocks and Harper's Ferry, are of 
this ybt^recf description. 

In the earnestness of .the commentator to defend his favorite work, it 
would seem that his imagination has applied to the canal along the Potomac, 
our remarks in relation to canals in general, and, accordingly (p. 40, Doc. 
' No. 18) treats our judgment in the words following, to wit: 

<< What shall be thought of the judgment which, under the climate of Ma- 
ryland, and in relation to the Potomac, pronounces, that from the combined 
efiects of floods, breaches, repairs, drought, and cold, the average duration 
of the navigation of a canal, in our climate^ is reduced to about one-half of 
the year?" And, again :^< Does any man believe that the Potomac river will 
pot supply an adequate quantity of water, &c ?" 

We will, however, now assert our opinion that a canal across the Alle- 
ghanies would be liable to the evil effects of all the causes here enumerated, 
whilst the injurioua consequences of most of them would be felt along the 
Potomac. 

We see no cause to change our 0]piQi0Kii9 iu li^EvetL «k{inmi^ ^\SELT^^BiriL 



[ Doc. No. 101. ] 175 

tothe'relative merits of canals and railways. Public opinion and public inter- 
est will settle the question in due time, and we rest assured, that, at the same 
time that it is the tribunal of last resort, the decision will be just 

» Repairs. 

With. regard to the cost of repairs upon railways; much has been advanced 
in the voluminous document now before us, and an estimate has been given 
(p. 170) amounting to 2983 ^^^ perannum per mile of double track. This 
estimate is alleged to be founded on the experiencf upon the Mauch Chunk 
. railway, already described, and has been, it ftppearp, preferred by the su- 
perintendent of that road, in a controversial essay, in an answer to John L. 
oullivao, civil engineer, who advocated the superiority of railroads over ca- 
nals. 

The next estimate presented is stated in an <^ extract of a letter from John 
Bolton, esq., of New York, late President of the Hudson and Delaware. 
Canal Company, to the President of the Chesapeake and Ohio Canal Com- 
pany, dated. New York, December I7th, 1831.*' (See Doc. No. 18, p. 176.) 

In this extract, it is stated that the repairs of the Delaware and Hudson 
railroad were estimated, for the year 1831, <<at rather more than 01,500 per 
mile: that the railroad has eight inclined planes; five worked by steam en- 
gines, and three by gravity.'* 

It is, however,, not stated in the ** extract'* from the letter of the late Pre- 
sident of the Delaware and Hudson Canal Company, nor is it intimated in 
the wide amplitude of materials which compose Doc No. 18, in what par- 
ticular manner this railroad was constructed. Having, in person, examin-^ 
ed this railroad, throughout its entire extent, more than once, w^ deem it our 
duty, on this occasion^ to state that, through the greater part of the 16 miles 
(which. is the whole length of the road,) the railway is mounted upon wooden 
bridges or triissel work, in lieu of embankments of earth. This frame work 
is employed upon all the grades of the* road, from a level to inclinations of 
1 in 12 or 42 degrees, and varies in height, from the ground to the railway, 
from 2 or 3 feet up to 20^ 30, and even to 35, feet! It is very serpentine, and 
• is much curved even in partsr where the trussels are quite high. Notwith- 
standing these frail structures were resorted to in places where the gra.de of 
the road passed above the broken surface of the ground, which it was made to 
do on most of the line, and therefore rendering the procurement of eartfa, 
for the supply of embankment, unnecessar}^; yet the abruptness and uneven- 
ness of the surface .was such that cuts of considerable length and depth, es- 
pecially in graduating for the planes, had to be made, and as if a preference 
'^ over embankments had been awarded to these wooden structures, on account 
of some intrinsic merit which they were supposed to possess, the earth, from 
the excavations, was not hauled forth upon the descending grade to niake 
permanent embankments for the support of the railway; but, on the contra- 
ry, it was thrown out in spoil banks, and> in some instances^ with additional 
expense. ' 

The railroad passing through a dense beech and hemlock forest, these |wo 
kinds of inferior timber, but the latter in much the greater proportion^ en- 
ter largely into the composition of the structures which form the work. In 
parts of the iivay, the superstructure is^made to rest upon posts planted in the 
ground^ and these posts were not unfrequently oC b^^W ?IlVa\xsv^ ^\^s»&?^ 
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ber most convenient to the site of the road was generally employed in the 
construction. 

After this manner, was this railway, from Carbondale to Honesdale, 
constructed, 16 miles in length across the Moosic mountain, with eight in- 
clined planes, all furnished with machinery, including a length of more than 
3i miles of rope, and 5 stationary steam engines, for the sum of about 
jR800,000. 

The original design was to use locomotive engines on those parts not 
covered by the system of inclined planes, that is, on more than half the dis- 
tance next to Honsedalfi at the commencement of the canal. 

It was predicted, however, and verified upon trial, that so frail a mode of 
ttructure wo.uld not admit of the employment of those engines, and the al- 
ternative was adopted, of using horses instead. To provide, however, for 
this change, a horse path of wood had to be laid upon the frame work 
throughout — thus greatly adding to the expense of construction as well as of 
repairs. 

It is presumed that the bare mention of these facts will sufficiently account 
for the estimate of jS 1,500 per annum per mile, as the probable expenses of 
repairs for the year 1831. Indeed, when- it is considered to what extent in 
height and length these perishable frames have been employed, and how 
very tempor;u*y and frail the structures made in this manner, and of such 
wood, must necessarily be, and what extent of flooring for the -horses to 
walk upon, remains constantly exposed to the weather, and to the action of 
the travel, and that the repairs of 3) miles of rope, together with the machi- 
nary and fixtures appurtenant to the planes, must be met, the surprise, if 
any, should rather be, that the amount required was not greater. 

Nor is it to be wondered at that the retiring President, when judging from 
the only .examples with which he was probably familiar, to wit, the railway 
at Mauch Chunk, and the one which had shared so largely .of his enterprise 
and public spirit', should assign, to the advantages of the railway system a 
place between those of turnpike roads and canals, or look upon the public 
favor, which is beginning to be put forth in behalf of tliat system, as a 
mania. (See Doc. No. 118, p. 177.) 

We have made an estimate of the probable amount necessary for the an- 
nual repairs and renewals of a mile of double railway of good construction, 
when sleepers of wood, and string-pieces likewise of wood, shall be em- 
ployed to support the iron bars or rails of the railway, and find the sum 
necessary for the object to be about $500. It is believed that the price 
allowed will procure .timber that will last twelve years. Some think that 
southern pine will last beyond the period here assigned. It may be so. 
But it is conceived that, in the absence of more experience, it may be ju* 
dicious to assume this period for timber that can be procured for twenty 
dollars per thousand, board measure. If locust or red cedar shall be used, 
the repairs will be diminished to some extent 

For information with regard to the probable duration of wheels and 
maleable iron rails, we have compiled a short document, and annex it for 
reference. It is marked No. 4. 

Por our estimate of the probable^annual repairs of a mile of double rail- 
road, when wood instead of stone shall be used in the construction of the 
rai]way — aee docum^nX No. 5, hereto annexed.' 
With stone aills employed in the construetloii, the railway will b^ form- 
"^ exclusively ofaioae and iron, of which two matet\i\a) >3da \xoti At5it» n«\VV 



• [Doc. No. 101. ] 177 

ft flfibject to louy from wear and decay.; in which case, the construction 
lying been pn^rly executed, the annual repairs of one mile cannot, we 
link, exceed two hundred and fifty dollars. 

As we intimated, with regard to the cost of transportation, so do we say 
ith respect to that of repairs; which will depend upon yigilance, and a 
kdicious direction of means to the end to be attained; and it should never • 
I lost sight of, that much will likewise depend upon the location and con- 
ruction of the railroad. 

Bepairs of Canals. 

The superintendent at Mauch Chunk, after having concluded his es- 
imate for the repairs of a double railway, as already alluded to, next pro* 
Beds to estimate the << wear and tear of the canpiP' upon the line from 
Aauch Chunk to Bristol; length 106 miles; fall 5S4 feet; number of locks 
16; lift, 8 feet 

It is assumed that each set of lock gates will cost $500, and that they 
nust be renewed every^ten years. The cost of 66 sets of gates will be 
133,000; and the tenth of this, or (3,300, is taken as the annual cost^ 
vbich, being divided by 106, the number of miles, there results $Sl-f^^ as 
the cost per annum per mile of this item. See document No. 18, p. 171. 

It is next assumed that, << after eight years' duration,^' one man working 
310 days in the year, at $1 fkr day, will, keep in repair an average length 
tftwo miles through the whole line from Mauch Chunk to Bristol; and 
tiie second, and last item of expense, is calculated to be $125 per mile* 

He two items will, therefore, stand as follows: 

Repairing lock gates per mile - - - * 031 12 

Other labor * - • - • 125 00 



Amounting to - • 156 12 

Aad thus the expense of repairs per annum per mile upon the Lehigh 
^1, extending down the Lehigh from Mauch Chunk to the Delaware, 
^er, at Easton, about 46 miles; and that upon the Delaware division of 
^ Pennsylvania canal, extending thence along the margin of the Delaware 
oBristol, 60 miles more, in ail 106 miles, is estimated at 0156^^^. 

Without calling in question the adequacy of the sum allowed for the 
"epairs of a set of lock gates in ten years, to wit, $500, it is believed that 
be allowance of $125 would not do more than maintain the towing path in 
^itate of repair, open ditches, drains, and culverts, and keep the banks in 
pod condition. We can, however, conceive of other items of expense, 
riiich will as certainly have to be met, as Will those two which have been 
dmitted into the foregoing estimate. In an estimate for the repairs of the 
^high aanal, something iQight have been allowed for renewing the lining 
f the lock chambers, which is of wood. The locks are built of rubble, 
dd in hydraulic cement, with frames of timber secured in the face of the 
ills, to which the planks are fastened that form the lining. A good lock 
constructed after this manner, probably at an expense of some g400 per 
lot lift less than with cut stone. As this form of construction Ims not 
mer|lly been employed, and although the repairs contingent upon it 
mid not be disregarded in a fuU'estimate for this particular canal, yet we 
tail also omit to assign its amount, inasmuch as it is our aim to approxi- 
ate to that which will be found generally to obtain with re^pord to ifae 
paii^ of canals. 
23 
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There is another item to be provided for, which, if it has not already oe- 
eured on this canal, will doubtless command attention before the termiM* 
tion of the << eight years/' the period which seems to have been fixed upta 
in the foregoing estimate, during which the embankments shall have sob- 
sided, and all ^< the extraordinary repairs'' consequent upon latent deiMll 
which could alone be detected after the admission of water into the caaali 
or such as are inseparable froni the necessary weakness of all new works;it 
this description. The item just alluded to, is an allowance for cleaning Sit 
the can!il after the lodgment within it of sediment, consisting of aliund 
deposite, and sand gravel and clay that shall, froni time to time, be brougM 
from the adjacent farm lands, and from feeders and streams admitted tl. 
discharge theijr contents into the canal; and likewise from the overflowiig 
of ditches and drains during freshets and heavy rains; and, also, from tk 
washing of the banks. > 

We profess not to know what amount of materials will annually accunni- i 
late in the canal from these causes; but we think, even under good mani|^ 
ment, it will be quite favorable to the canal to assume an average quanti^ 
equivalent to a uniform depth of two inches per annum upon the bottoism 
the canal; and that, in every six years, if not in shorter periods, materiab 
amounting to a foot in depth will have to be removed. » 
. Supposing the canal to be 40 feet wide, at bottom, the number of evbie 
yards in the mass to be removed per mile, af the end of every period of ih 
years, will be 7,822; and, considering the diagreeable nature of the woikf 
it could not well be expected to be done for less than 20 cents a cubic yard, 
or per mile Sl«^64, and the annuity to raise the amount in six years It 
5 per cent., will be 2230, the annual allowance for this item of expease. 

if it should be alleged that many miles of t)ie navigation may consist (u 
on the Lehigh and the Conemaugh) of slack water, procured by the erectioa 
of dams across the river, and the construction of a towing path along its 
margin, and other contingent works directed to this end, we say it appeans 
to us but too probable that the encroachments of the water, drift, and ice^ in 
freshets upon the channel, which must be kepft clear for the passage of the 
boats, and upon the towing path, together with the deposites of ndountain tor* 
rents putting into the river from that side, will, without any allowance for 
the repairs of the dams, be amply sufficient to exhaust that small amount 

An allowance should Likewise be made, adequate to the- insurance of the 
perpetuity of dams destined to form reservoirs, slack water, or for the di- 
rection of water into feeders, and the repair of the guard locks attached to 
them, as well as of the feeders. AU canals have more or less of the woAm 
here named: some are more costly in their dams, some in their feeders, aoil 
others in their reservoirs; whilst sokne will be heavily burthened with a plo* 
rality; or even with the whole of these classes ^f works. Wha^ shall we 
assume for an average? Extended periods of duration, and the whole <5Id«1 
system, should here be averaged , commencing *< eight years" after the intro- 
duction of the navigation, so as not to include the << extraordinary repairs" 
already alluded to, as being liable to happen wiihin that term. 

It will probably be a moderate estimate to assume the cost of these ap- 
pendages at 10 per cent, of the entire outlay, and that, *< barring acci()(ent8," 
the dams will last 20 years, but, in consequence of their exposed situation, 
the probability would be that, upon an average, they would have to be re- 
MHtwed every 12 years, or, that the expeaaea attendaint upon them, would be 
IfMreljr covered by this aMamplioiu 
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^ We shall assume 01,500 per mile as a medium sum to be provided in 
jfniodsof 12 years for the amount of these charges, which will be rather 
Ipbre than ten per cent, of the entire outlay upon the least costly canals, 
flliilst it will be less than 5 per cent, upon some others, and the cost per mile 
iMr annum of these appurtenances will be S94. 

}i^ The next permanent source of expense peculiar to the canal system, that 
na shall mention, is that of the maintenance of wadte weir, and the towing 
itih across them. Wood as well as stone will generally enter, more or less^ 
mo the construction of the weir, and perhaps altogether into that of the 
Widge constituting the towing path over it. There will, generally, be one 
ilE these structures to each level or pool, but, if the level be long, more than 
i^ We assume $125 per mile as the least amount for this item to be 
npended every 12 year!, which is equivalent to about $8 per annum per mile. 
:. The difierence that will be found to exist in the cost of maintainingaccom* 
pwdaiion and road bridges across canals, beyond that which will be neces- 
•ary across railroads, should not be excluded in the comparison. The facili* 
of passing across railways upon a level with their surface, both as re- 
ts private and public roads, are so great, that it may be said the railway 
« scarcely any obstruction, and bridges, for this purpose, will seldbm be' 
Inquired; whereas, upon canals, such bridges constitute a considerable item 
liA^.the expenditures. Sometimes, however^ the proprietqr of the lands 
rfhrougb which the canal passes, is paid a sum that disposes him to relinquish 
iJds claim to an accommodation bridge; but still the capital invested is en« 
illiieed in amount by that sum. Many farms, and all public roads that are to 
'^ifejiiiept up, and which the canal intersects, must have bridges over the canal. 
'i -We shall, for the present occasion, only assume that an outlay of j$l,000 
^■rery 12 }ears, to sustain wooden bridges on three miles of canal, as- the 
•Average of the excess beyond that required for $imilar expenditures in the 
nilway system. This will equal 263 per annum, or $21 per mile per annum. 
^-•Supposing $500 to be required at the end of each term of ten years to 
-Mtain a set of iock-gates, we should estimate the cost of 66 sets, on 106 
^■iles of canal, at 025 pep annum per mile, and not $3\ 12 as calculated on 
]Mge 171, Doc. No. IS, since an annuity of 03 1 12 regularly invested with the 
IDQajil incomes in 5 per cent, stocks, would, at the end of ten years, when 
^ the money tiould b6 wanted, amount to 043,566, instead of 033,000, the 
•nm assumed in the estimate for this item, as required upon the whole line of 
4e canaU And it may here be remarked, that the estimates for the annual 
COBt of a Hoe of double railway, preferred in Document No. 18, p. 169-70^ 
lire been unduly swelled by adopting the same mode of calculation. 
^ We shall here recapitulate the several items of expenditure per ^pnum 
mile, upon a canal, to the extent already calculated', with an allowance 
superintendence and contingencies to the same amount as on the railway. 

1. Repiairing lock gates . • • . . |^25 

2. Incidental attention and labor upon the banks, tow-paths, 
ditches, drains, and culverts - - - r 125 

S. Cleaning the canal of sediment, sand; gravel, and clay - 230 

4. Repairing dams, feeders, and guard locks • - r 94 . 

5. Maintenance of wasle weirs, and towpath over them •* 8 

6. Renewing of bridges beyond that required on a railroad - 21 

7. Superintendence and contingencies • • « • 25 



r. 
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From an examination of the foregoing estimatei it will doubtlefli be 
ticed that we have not set down any thing to cover the contingeney q( 
failure in walls, culvertSi or aqueducts. To apologize for thia omissioii^i 
may likewise be stated that, in making our estimate for the annual nr*^ 
upon the railway, we. neither included walls, culverts, nor viaducts. T 
works were supposed to be well cbntructed in both cases. Had we entered! 
upon the inquiry touching these structures, however, we should have beti] 
compelled to have awarded a balance in this respect against the canal systMii/ 

It is unnecessary, therefore, to look beyond the items of expense alrem^ 
enumerated, to see that the annual expenses attendant upon the repairi 0(t ] 
canal, may be .expected to exceed those of a double railroad, even tboa^ 
wood, in lieu of stone, shall be used in the construction of the railway. [Sii^ 
doc. No. 5, hereto annexed, and already referred to.] . 

But the sum of $52S^ the amount of the foregoing estimate, does, not in- 
clude the whole of the yearly charge due to the maintenance of a mile ^j 
canal. It is the amount estimated to be required after the canal shall bm 
been 8 years in use. It does not embrace any allowance for the **extn0^ 
dinary repairs'' Which all new works of this description will certainly if* 
quire, and which are^supposed to cease within that term of yeairs, in eom^ 
quence of the. acquired comparative permanency of the embankments. The 
great amount of << extraordinary repairs" and expenses to which acaoijii 
subject when it is new, and, as a consequence, the length of time that ehpsei 
after it is declared to be finished, taken off the hands'of the contractor aad 
paid for, before it can i}e profitably* used, will continue to be a peealiir ' 
characteristic belonging to this species of internal improvement, that diould ' 
be brought into the account when a comparison is to be instituted Between 
Che relative merits of canals and railways, inasmuch as the latter are com- 
parativelyfree from such expenses, and Can be used, without delay, as soon 
as the rails shall be laid. 

The experience of the canal system will not permit us to fix upon letf 
than one year as the time that may be expected to elapse, after a canal is de- 
clared to be finished and is paid for, until its navigation becomes advantir 
geous. This conclusion is corroborated by the instances which have occur- 
red on the Pennsylvania canals, without looking further. See Report 
Pennsylvania Canal Commissioners, December 15, 1831. 

The estimate stated on page 171, Doc. No. 18, for the annual repairs of 
the canals from Mauch Chunk to Bristol, and amounting to$\56 12 permile, 
as we have already stated, was made in the month of May, 183Q. The cal- 
culator prucjentially avoided swelling his estimate by the repairs that mi|d>t 
take place during the first eight years. This estimate embiaced 591 nulei | 
of canal along the Delaware, then in the course of construction by the State, 
but which was that season pronounced to be completed, and the water ia* 
troduced in October of that year (1830.) This canal, however, has not yet 
been brought intoprofitableuse, on account of the extensive repairs which 
had to be made during the year 1831, and amounting to $97,339 51, or 
81,629 per mile. 

The repairs during the year 1831 upon the following canals in Pennsyl- 
vania, viz. The Delaware division, (just mentioned,) Columbia line of the 
eastern division, Harrisburg line, including the Susquehanna, to loek 
Bt Barry^a falls, North Branch division, West Branch division; Juniata di- 
vision, Western division, and French creek feeder, being, in the whole 426J 
nules of cawd, amount!^ to j|S53,644 5^, ot %^^^ ^t tcCA^ ^^^ Canal 
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iJommissionerB' report aforesaid.) And there has been at least a year lost 
in the use of these canals on account of the '* untoward circumstances'' 
ndant upon them. It is stated that this amount contains, besides the 
;of M ordinary and extraordinary repairs,'^ an allowance ^^ for additional 
eiures to render them [the canals] more perfect," but what this amount 
be is not stated, nor is it material, since, -as the imperfections were not 
sen; they could only be met and provided for in the repairs. 
We will not take the result upon any one of these divisions of canal as 
lAdex of what may be expected to befal other canals; yet we think that 
average upon 426 miles of. canalling, situated in different and distant sec- 
a of the Commonwealth, should be re^rded as data in completing the 
iperative estimates commenced in Doc. No. 18, but not Jimahed, as we 
ft shown. 

j" Assuming, for the present occasion, the average cost of canals and their 
mpurtenant works at {{25,000 per mile, and seeing that their useful effects 
truly in general, be postponed a year ailer the time of their completion, it 
ttUbws that the additional sum of 01,500, being the interestfor a year, will 
be added to the capital, the interest of which, that is, jS90, must therefore 
y6 provided for annually thereafter, and it may be considered as augment* 
Ik the annual repairs, inasmuch as it will originate in consequence of tha 
dfial requiring repairs. 

.it will next be proper to assign the amount of ^< ordinary^' and <^extra- 
iliniary repairs,'^ that is, to determine how much of the ]S830 per mile, 
)l/ksdineA in the repairs of 1831, was made up of the kind of repairs that 
In included in the seven items of the estimate which we have already made^ 
(amounting to £528,) and the residue which will then be lacking to make 
ljjgi|R30» will be for '^ extraordinary repairs'' that will not occur after 
miif years. 

The canals being new, item No. 1, being for repairs of lock gates, will 
Wfo/Ai/i^; No. 2 will be the full amount, 0125; No. 3 will be nothings 
Vaee there has not been time for much alluvial deposite; No.^, consisting 
flf the repair of dams, &c, may probably have occurred to the extent of 
ttne*fourths of the amount of a permanent estimate, or 070; Nos. 5 and 
9 nothing f for want of time for decay; No. 7 the full amount, 025. These 
ibms, being collected, mak^ 0220 as the probable amount per mile of the 
'^brdinary'^ repairs, not consequent upon the weakness or defectiveness of 
^aew works of this description. 

Consequently, 0830, rninu^ S280, leaves $610 as the amount per mile of 
tte << extraordinary repairs'* on these 426i miles of canal, in the year ISSl. 
On reference to the Canal Commissioners* report before referred to, pagi 
tti (as printed by order of the Senate,) it will appear, that, of the sum of 
|958,644 58, the total amount of repairs, the Canal Commissioners assign 
|M;7b8 84 for <^ ordinary,'' and 0260,935 14 for « extraordinary repairs," 
^teh result in 0218, and 0612, per mile, respectively. It will be seen 
tkit the iJlotment of 0220, and 06 10, which we have just given, difiieES 
Tnry little from that made by the Canal Commissioners. 

Now, when it is considered that 195 miles of these canals were reported 
hf the Canal Commissioners, on the 18lh December, 1829, as finished, and 
therefore that nearly one-half of the entire extent had the advantage of the 
wb<>le of the year 1830 to consolidate, it wilf be inferred that 0610 per 
■ilf is not enough to tover the extraordinary repairs of the first year, in* 
aamuch as it is to be presumed that the benefits of the repairs made in 1830 
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wero effective in 1831, as ItmitiDg in degree the amount for that year. 
We shall) however^ in* this comparative estimate take these repairs at 96U 
for the first year and, instead of the apparently arbitrary assumption 
on page 171) Doc. No. I89 that this description of repairs will extend throi 
the term of ^^ 8 years' duration/' shall limit them td 5 years, presuming thd»j 
during this period, the subsiding and consolidating of the parts will hai 
been eflected, or, at least, to such an extent^ that the decreasing series ofesfj 
penditures on this head will be covered in the respective years by 610, 488^ j 
366, and 122 dollars. Discounting at 5 per cent compound interest, Ibi 
present worth of this series of payments is 21,638. 

The interest of this sum at 6 per cent, per annum, or $98, will therefo 
be the perpetual annual charge estimated to flow from these <' exttaordioaij^ 
repairs." !i 

And the estimate for the amount of the repairs of a canal per miloy per' 
annum, will finally be — 
1, 2, 3, 4, 5, 6, 7. items herein before estimated, and to accrue after 

due permanency is acquired, .^ - . . • 599 

8. Interest of interest, accruing from delay in commencing profitable j^ 

use, - - - - - - - - .90: 

d. Interest on present worth of extraordinary^ repairs made in the j 

first few years, - - - - - - - » Mi 

Amounting to ,-••-.-• f71l,,, 



The capital at first expended will be augmented by one year's inte- 
rest from the delay of the profitable usej beyond that to which 
railways are subject, by - - - - - - 1,500 

It will also be augmented by the extraordinary repairs to which the 
canal is subjett in the first few years, beyond those of th^ railroad, 
by , - . - - M88 ? 

mmimmmmamm 

Total, - - - - • - • •03,188 - 



^ 



Hence if the construction when the canal is considered to be << finished,'' 
be 025,000 per mile, then the annual repairs per mile will be estimated al- 
#716. 

But should it be preferred to augment the capital by the beforementioned 
items, amounting to 03,138, then the capitalper mile will be f 28,138, and 
the repairs of canal, per annum, per mile, will be estimated at 0528. r. 

^e can readily account, therefore, for the circumstance that the canals 
of New York which, when they were declared to be "finished," had cost 
only at the rate of 018,000 per mile, should, in the course of a very few 
years after, ha^ been stated to have cost 021,000 per mile. For this pur-- 
pose we haV^ only to suppose the 163, 138, or rathec 02,718, (as the first cost 
was 018,000 instead of 025,COO per mile;) to have been further augmented 
to f 3,Q00 by interests which the current tolls did hot pay, or otherwise 
by greater repairs than are measured by the average we have adopted. 

Having, in a concise and candid manner, endeavored to present soeh 
views of the subjects treated of as the present time and opportunity would. I 
allow, we shall annex a reference to the following additional papers, ankieXr* 
%A, hereto, and marked as follows: 
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(. 6, An abstract prepared by Wm, Woodville, superintendent of 
>ortation on the Baltimore and Ohio railroad, containing an account 
B number of passengers and tons of commodores which were convey- 
I that roady from the 1st of January to the fiSih of February, both 
j^clusive, 1832, and tending to show not only the advantages to trade 
tttercourse to this particular toad in the depth of a severe winter, when* 
bavigation was closed, but the great advantages which may be ezpeet- 
» the adoption of the railway system. 

I, 7. An extract from an account of the Liverpool and Manchester 
ay, by Henry Booth, treasurer, Liverpool; republished by Carey & 
Philadelphia, 1831, containing ^* a g^eral abstract" of the expendi- 
ib the construction of that stupendous work, with << observations'^ 

iqiient reference havine been made, in Doc. No. 18, to the great cost 
«road, without any allusion to the items and atten<;lant circumstances, 
lye though it but just to annex them, and, at the same time, to protest 
It the endeavors which have been made, apparently- to induce aaim- 
Ibn of their inapplicability to this country. It is to be presumed, that, 
r absence of special information, it would not be imagined that it couid 
na necessary to pay d695,305 sterling, for land on about 30 miles of the 
of a railway, or ^14^000 per mile, independent of the land and build- 
Sorchased at the two ends of the road, costing a further sum of 86,000 
ifile. The expense incurred in obtaining a charter from Parliament, 
yr law, wasdS28,465, or about 84,000 per mile, yet such were the facts, 
riihstanding the enormous cost of this road, however, the dividends 
be^a 4i per cent, on the par value of the shares for each six months 
eyear 1831, or at the rate of 9 per cent, per annum; and it is said. 
Ihe dividends could have been still ereater, but for the reservation of a 
OB with a view of forming a second tunnel under the town of Liver- 
rat an estimated cost of £100,000. 

ibr observations in relation to the comparative merits qf Canals 

and Railroads* 

it should be alleged that we have not been sufiSciently definite in rela* 
61 the cost of construction, we would answer tliat^ if our essay is liable 
ii eharge, it is so, not from the want of the will to do ample justice to 
bbject, but rather from the absence of a sufficient number of examples 
Btw system of improvement scarcely yet introduced into the country* 
e will, however, now offer our opiirions a little more at length in rela* ^ 
lathe cost of construction, having regard to the examples which we 
f and to the facilities which we believe to exist 
le dost of a single tract of railway, laid with the use of sleepers and 
g pieces of wood, the sleepers being 4 feet apart, and bedded upon 
m lAone, the dimensions and cost of the wood and iron) being as in the 
mie in the accompanying document No. 5, was, on the first division of 
Utimore and Ohio railroad, about jS 4,000 per mile, inclusive of the 
m stone, labor, and contingencies. For the renewing of the perisha* 
art of this structure, we have already furnished an estimate. It may 
oper to say that, upon some of the divi^ons, the wood railway has cost 
than upon the first division, owing,* principally, to working too late in 
naon; to giring more thani an average |irico for aonie of the materiai0= 
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and labor, on emergencies; and to haulinssome of the materials greater db> 
tances on the turnpike road than would have been necessary, but for a de- . 
termination to open the road by a specified time. . We are of opinioD| 
therefore, that the average cost of such a railway in this country, may beset 
down at 88,000 per mile, since, in the interior, where wood is cheaper, the ', 
irpn will be more costly. Such a railway would not only be suited to the 
use of horses as the motive power, but would likewise admit the use of lidit 
locomotive steam engines for the conveyance of passengers, moving withhi [ 
the following limits of velocity, that is to say: not exceeding ten miles pv 
hour in curvatures of a radius of 1,000 feet or less, nor exceeding 15 milai, 
per hour on the curved parts ojf the way, having a radius greater than 1,000 1 
feet and less thpn 2,000 feet, and^ipon the straight parts; and on the curvelj 
parts having a radius greater than 2,00'0 feet, a velocity of from 15 to MJi 
miles per hour. It will be practicable, therefore, as much the greater put 
of the curvatures of a railway from Baltimore to the Ohio, may have a ra- 
dius greater than 1,000 feet, to carry passengers at an average rate of 1ft 
miles per hour, with the use of the locomotive engine; in which case the 
entire distance may be performed within 24 hours! With the use of honor 
as the moving power, the route to the Ohio would be performed in about ] 
40 hours. The inclined planes across the Alleghany mountain would be 
worked with stationary steam engines at the^ate of 10 miles per hour. 

We have just given S 8,000 as the average cost per mile of a double nil* . 
way, upon which these performances may be made. It will now be proper 
to assign t^e probable average cost per mile of preparing the line for then- '. 
ception of the railway. This will include the graduation and masonry land ^ 
we shall suppose the culverts and bridges to be of stone, with the exceptioa ] 
of bridges over large streams, which may be of wood. ^ 

We shall suppose that few lines in this country of equal leneth will eoit 
more than that part of the Baltimore and Ohio railroad from ElTicott's milb 
to the Potomac, a distance of 54} miles. The cost of preparing this put 
of the line of that road, amounted to the average sum of 08,540 per mile. 
About 20 miles of this distance is in the granite reformation, the gradui- 
tion of which, was rendered very expensive on account of the larse mi»* 
es of that material which had to be removed by blasting, whilst thoroM^ 
cuts through projecting points of hills, 20, SO, and 40 feet in depth, had to b 
made, and new and extensive channels for the stream whioh occupied thi 
narrow ravine formed; whilst the road was made to intersect and traYom 
the old channel in order to secure the proper curvature and direction. Up* '• 
on the residue of the line, the excavations and embankments were hmff \ 
items, and included the graduation of four inclined planes at Parr's ridiOi | 
The quantity of masonry is likewise fully as great upon this line, as will M 
an average on most lines of equal length in this country. The woricupon 
a large part of this line, was carried on with greater speed than confpoHed 
with economy«in the construction, in order that the road should beopenfBt 
use to Frederick at the commencement of the winter. The last lettingbi 
graduation and masonry which was made, took place in June last, (1831,)' 
to the extent of twelve miles including the planes at Parr's ridge, and tbi 
work did not fairly commence under this letting till after wheat harre^ 
yet with such energy was the work prosecuted, that a track of railway wtf 
completed to Frederick by the 1st of December last, at which time the ml 
was formally opened and travelled from Baltimore to Frederick. Onthl' 
twelve miles 80 quickly finished, the quantity ef earth and slate roek l^ 
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moved, in the formation of the road bed, averaged about 25,000^ cubic yards 
to the milci whilst the wages of laborers were enhanced from 75 to LOO 
cents per day. 

These facts are stated to show that this part of the road cost more than 
an average amount for the same quantity and description of work under or- 
dinary circumstances; at the same time they also demonstrate with what ce- 
lerity a railway can be constructed. 

As we proceed westward, the price of provisions and labor will become 
less. The reduction will probably amount to 25 per cent by the time we 
arrive west of the Alleghany mountain. The rock to be encountered there 
will be principally freestone and other softer species of sand stone; tke ' 
removing of which, will not be more than half as expensive as that on the 
Patap3Co. For the same reason, the masonry will also cost mutsh less. Un- 
der these views, it is highly probable that the same quantity in cubic y^rds «, 
of excavation and embankment, and the same quantity and extent of mason- ' 
nr and bridges that, between Ellicott's mills and the Point of Rocks, cost 
#8,540 per mile, would, west of the Alleghany, cost no more than $ 6,000. 
Adding the cost of a double railway laid with wood as belore described, and 
the estimated cost of a double railroad per mile will be^ ^if" 

East of the Alleghany mountains • - - - 8 16,540^ 

West of do. 'do. 14,000 ii 

And, in a comparatively level part of the western country, where " 

timber is abundant, and to be used for the principal bridges, 
.about -•..... j; 11,000 

We shall now augment the prime cost of the railroad by a sum, which, . 
we think, will be sufficient to compensate for restoring the embankments to 
their proper heights after settling, and for the removal of slips in the exca- 
vations. These will constitute the ^< extraordinary repairs" of the railroad, 
and will cease in a few years. Having endeavored to estimate this de^crip- 

• lion of repairs for a canal, and at a rate that should only show the excesis 
against the canal when compared with the railroad, it was not considered 
necessary, under that view of the subject, to estimate the extraordinary re- 

\ paii;s to which a railroad is subject in its new state, from .a want of solidity 
in its embankments. It is very evident that this description of repairs for 
a eanal, will be greatly in excess; since, in the formation of the canal, on ac- 
eount of its greater width, and the depth below the berm, the excavations 
must Be deeper than for the railroad, and the excavatied banks in sidelonjc 
situations much higher. And, moreover, a sKp of earth from the bank, aN 
ter having fallen into the canal, will be much more expensive to remove 
£rom thence, than it would be to remove an equal quantity from the surface 
oif*thc railroad. And, again, when a breach in the bank of a canal takes 
place, all the water upon that level to the nearest lock, each way, rushes 
through the breach, and, by enlarging it, cufs the embankment to its foun- 
diation, depositing the excavated materials in the bordering river, or, perhaps, 
upon the adjacent farm lands, to the damage of the proprietor; whereas 
no such breaches or devastations can be charged to the account of the .rail- 

• road syptem. 

The charge for the restoration of the embankments to the extent of their 
settling, as respects the railroad, can be estimated quite readily, as we know 

• it, from experience, to be about 10 per cent., in ease the embankment is of 
' ordinary earth, and has been properly made. 

Now we have supposed 95,000 cubic yards as about the average quantity 
24" - ■"*'■ 



» ^ 
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of embankment entering into the formation of a mile of railroad, one-tenth 
part of which may be considered to be of rock or of such consistency as not 
to decrease in volume; and there will remain 22,500 cubic yards, 10 per cent 
of whi^ch, or 2,250 yards, have to be supplied, to counteract the effects of 
settling of each mile of the railroad. Eastward of the mountains, the cost 
of this removal may be taken at 25 cents per cubic yard, and westward at 
20 cents. And, therefore, the allowance for this item will be, in the east, 
11563, and, in the west, 0450. The greater part, and, in some instances, 
the whole of the earth required to raise the embankipent to its requisite 
bf ight, and from which it had receded, will be supplied from the redundant 
(earth removed from the ditches iii the cuts, at the prices stated. But as this 

i may not ha]^pen in every instance, whilst, in plaees, more earth will have 

to be remo^i^ed from the cuts than the repairing of the contiguous embank* 

'^ ments will require) it may be proper to add 20 per cent., to cover tte 

expense to arise from that difference, together with 0160 in the one case, 

and 0128 in the other, for adjusting the railway to the proper level at the 

same time that the embankments are raised. 

. The ^^extraordinary repairs'' for each mile of a railway will, therefore, 

^iaverage 0835 eastward, and 0668 westward of the mountains. ISupjiftiflin 

^ these repairs to take place proportionally, and in the same period as thos 
^opon the canal, and discounting for present monby, these sums become 074 ' 
atkd 0598 respectively, and the cost of construction will be further charg^^ 
with these respective sums; or, otherwise, 045 in the one case, and 036 S^n 
the other, being the annual interests, will be set down as repairs per annu 
per mile. At present, we shall add these costs to the prime cost oitco 
struction in the two first stated cases; and, on account of the greater 8uppos^»] 
favorableness of the country in the third case, we shall add to it only 05Od 
The cost of a mile of double raillvay, laid with the use of wood to sujppoit 
the rails, will, therefore, ultimately be, 

1. Eastwardof the Alleghany mountain, - - - -017,2^9 

2. Westward of do .... 14,598 

3. Westward of do and in the more level 

parts, where timber is abundant, - - • . 11^500 

We now assert our opinion, that the average prime cost attendant upon, 
the construction of canals and their appendages, upon grounds of similar oa^^ 
tural formation, judging from what is understood to be the experience iiE 
this country, will, with but a medium number of locks and aqueducts buUr^ 
of cut stone, and no very expensive reservoirs, be as follows: 

1. Eastward of the Alleghany mountain, • • • ^5,000 

2. Westward of do . - • • 20.000 

3. Westward cf do and in the more level and 

favorable parts, - • - . • . 12,000 

Upon the western section of the route of the Chesapeake and Ohio canal, 
extending from Cumberland to Pittsburg, a distance of 153 miles and^{. 
of a mile, the eost of construction, as estimated by N. S. Roberts and A. 
Cniger, engineers, with a width of 48 feet, and depth of 5 feet for the canal, 
is 850,347 per mile. (See Doc. No. 18, page 126.) We feel -confident 
that a double railway, upon the same roiite, would not cost the half of this 
amount per mile. 

It is believed that the experience of New York, Pennsylvania, and Ohip, 

in reil^ation to canals only 40 feet wide and 4 feet deep, will justify the as- 

sumption of these amount^yis it is probable that the canals constructed east 
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pf the Alleghany, by the State of Pennsylvaniay inclusire of dama, aqueducts, 
and basins, will hiave cost the rate here assigned, and it must be recollected 
that great reaches of the New York Erie canal occupy as favorable ground 
as do the canals of the State of Ohio, whilst provisions and labor were aibun- 
dant and cheap. It inust likewise be considered that, in the more recent 
formation of works of internal improvement, the competition, a^d, conse* 
qtientlv, the cost, has been, and will probably continue to be, greater than 
when Kew York constructed her magnificent canals. 

We hav.e already endeavored to show that, upon an average, the ultimate 
cost of a mile of canal will exceed the cost when it is first declared to be 
<< finished,'' by £3,138; and we gave our opinion that this would not 'be > 
the absolute excess, but only the relative when compared with railroj^ds. 

Taking it, however, to be the absolute instead of the relative excess of 
the cost of a mile of a canal, when its embankments shall have'become con* . 
solidated through time, beyond that of its first cost, 'and supposing the less 
cost of the canals in Ohio to require but the one-Fialf of this allowance, with- 
out making any allowance for a western canal connected with the mountain 
region, since the damages upon the western division of the Pennsylvania 
canal, in consequence of freshets, have already, during the present winter 
been almost as great in amount lis the reported repairs upon that divisioii| ,. 
which were made during the jear 1831, then the relative cost of canaU and" .,u 
railjToads, such as we have described, will be as in the following tabled 



Htb. 



1 

2 
3 



Situation. 



Eastward of the Alleghany mountain, 
Westward of do 

Westward of do and when 

the facilities for construction are greater. 



Railroad 
per mile 



17,883 
14,598 

11,500 



Canal, 
per mile. 



S28,13S 
23,128 

13,569 



We have already estimated tha annual repairs of this description of rail- 
roads at vB50Q per mile, and of a canal that should be compared with it, $528 
.per mi.le. Adding the annual interest on the cost of a mile according to No. 

. I of the foregoing table, and find the annual charge that is to govern the toll 
upon the railroad to be 01,537 28, and upon the canal j(2,216 28. With a 
traffic amounting to 100,000 tons per annum, the toll necessary to repay 

. these Vespective charges would be, upon the railway, 1 -f^^Jg cents per ton 

. jibr mile, and upon the canal 2 ,*,>o*o cents. Taking the cost of transporta- 
tion per ton per mile upon the railway at | of a cent, as we have estimated 

. it, and upon the canal at i of a cent,. as some have estimated it to be on spa- 
cious canals, then the cost of both toll and transportation on the railway will 
appear to be 2 287*1000 cents per tonper mile, and upon the canal 2 7164000 
cents. * 

When 150,000 tons of commodities shall pass in a year, then the toll and 
transportation upon the railway will be I 775-1000 cents per ton per mile, 
and upon the canal 1 977-1000 cents; but when 271,600 tons shall be the 
amount of trade, then the cost of toll and transportation will be the same on 
> either, to wit: 1 316-1000 cents per ton per mile; and when the quantity of 
tonnage shall be greater thaik is here mentioned, then the entire cost of traa- 
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shall not involve an expenditure in the construction or repair, as the cue 
nay be, beyond that of the use of wood that will last 18 years, to an amount 
that will produce an interest of {0250 per annum at 5 per cent., or $5,i)Q0 
per double track, then it will be cheaper to use stone than wood. 

It follows from thence that the toll will be as moderate upon a railway 
laid exclusively of stone and iron, as it will be when wood shall be used in 
the construction; that is, when the railway albrte, exclusive of the gradu- 
ation and masonry, shall cost in the one case jSi3,000per mile per double 
track, and in the other $8,000. It may be expected that, eastward of the 
Alleghany, the stone sill and iron railway will cost from jSl2,000 to 
Sl6,000'per mile of double track, exclusive of the graduation and masonryi 
according to the quality of the stone and the local facilities* We conclude, 
therefore, that the advantages of the use of stone sills, instead of strong pieces 
and sleepers of wood, in the construction, should, in every case, be a iFub- 
jeet of due consideration and calculation as to the difference of expense; 
which should not be allowed to exceed 85,000 per mile, as we have stated. 

These remarks regard a railway upon which the ftiotive power shall be 
horses, stationary steam engines, and the lighter description of locomotives 
{hat shall not move with high velocities. If, however, it shall be inteoded 
"^ use the more powerful locomotives, or to employ a velocity that shall 
reach to 15, 20^ and, occasionally, to 30 miles per hour, it is conceived that 
the stohe sills must be employed,, or the railway must be laid according to 
the English plan, as adopted on the *< Columbia and Philadelphia railroad," 
or, lastly, it may be laid upon wodd, by using iron rails that shall not weigh 
less than 100 tons to the mila. of double track, whilst the wood may be in- 
creased somewhat' in quantity. Of these methods, we lean in favor of the 
stone sills, or the wood, in preference to the English method of stone blocks 
and cast iron chairsj inasmuch as we believe that the object will then be at- 
tained at a less expense in the construction and repairs. The adoption of 
wood, however, in the latter case would not be preferred to the stone sills* 
if the latter were accessible at a sufficient'.y reasonable amount of expense. 

The kinds of railway last adverted to, will vary, in expense of construc- 
tion, from 1112,000 per mile of double track, up to 820,000 per mile, ex- 
clusive of the graduation and masonry, according to the degree of perma- 
nency given to the work and the quantity of iron employed. It is probable, 
however, that a railway constructed with a view to the use of locomo- 
tive engines weighing six tons, to move with the higher velocities, so as to 
average 15 and 20 miles per hour, can be constructed for from $15,000 to 
$16,000 per mile, exclusive of the graduation and masonry. 

A railroad constructed in this manner, and for these purposes, may beex* 
pected to cost from 225,000 to |130,000 per mile, when the graduation and 
bridging shall be of a medium character in point of expense; but may be ex- 
pected to ascend to 40, 50 or 60 thousand dollars a mile, or even more, ac- 
cording to the obstacles to overcome in the character of heavy excavations, 
embankments, viaducts and tunnels. 

Previous to engaging in the construction of any considerable work of in- 
tercommunication, but more especially of a railway of the latter very expensive 
description, the project should be well weighed in all its attendant aspects, 
of probable expense and income; 

We have not undertaken to inslitute a comparison between a. canal and a 
railway of the latter description; inasmuch ists this kind of railway is planned 
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and executed to accompliith effects in time and space, of which the canal sys- 
ten; has fiirhtsbed qo example, and for which it it, beyond question, wholly 
inadequate. 

Respectfully submitted. 

•J. KNIGHT. 

N. B. The estimate [appended, marked No. 87.] recently made upon 
the route between Baltimore and Washington, is for a railroad of the charac- 
ter here contemplated and just described. 



.No. 1. 
^ CHAP. IX. wood's trsatise, xd. 1831. 

Comparative performances qf motive power on Canals and Railroads. 

The existing agitanon of the public mind respecting the relative utility of 
railroads and canals in the transit of goods from one place to another, ren* 
ders it a subject of proper inquiry, to ascertain the relative performances of 
the different kinds of motive power upon those two species of internal con|- 
munication. 

I shall, therefore, give a brief comparison, founded on the foregoing de- 
ductions of the different kinds of motive power upon railroads, with the per^ 
formance of horses, by the present mode of canal navigation.. 

, Not having had an opportunity, from my own personal observation, of 
aacertaining, with sufficient accuracy, the weights which a horse %vill drag 
ih a boat upon a canal, I shall be obliged to have recourse to the reports of 
those engineers, whose practice, in that line, has enabled them to obtain the 
necessary data. 

Mr. R. Stevenson, of Edinburgh, in his report on the Edinburgh rail- 
way,! in 1818, states: <* Upon the canals in England, a boat of SO tons burden 
is generally tracked by one horse, and navigated by two men and a boy; on 
a l^el railways it may be concluded that a good horse, managed by a man 

lad, will work with eight tons: at this rate, the work performed on a rail- 
^y by one man and horse, is more than in proportion of one-third of the 
work done upon the canal by three persons and a horse;" and Mr. Steven- 
eon, in his calculations afterwards, assumes the power of a horse, upon a 
gpjod railway, equal to ten tons. 

Mr. Sylvester, in his report on the Liverpool and Manchester railway, 
gives twenty tons aa the performance of a horse upon the canal, travelling 
at the rate of two miles ap hour. 

The variation of these two statements may have arisen from the observa- 
tions being made' on canals of different widths. Mr. Stevenson, in another 
report, states, that the striking difference between the draught of horses on 
coming out of a narrow canal into a more capacious one, induced the reporter 
to give the subject particular attention; and, by means of experiments made 
witn the dynamometer, so far as he had an opportunity of carrying the ex- 
periments into effect, the difference appeared to be at least one-fifth in favor 
of the great canal. 

We have been favored, by Mr. Bevan, with some experiments and obser- 
Tations on the force of traction, with different loads aad^velociiies, on canals. 
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The resistance was ascertained by a spring dynamometer attached to (he 
towingTope. The length of the boat was 69. 5 feet, breadth 6. 92 feet The 
correct transverse section of the canal was not obtained, but was from 90 to 
100 feet; the immersed part of the boat being about 19 feet, or one-fifth of 
the channel. 

The force of traction required to move this boat, loaded with 113.77 tons, 
at a mean velocity of 2.45 miles an hour, was^ on an average of fifty-four 
observations, 79. 5 lbs. 

With this load, Mr. Bevan remarks, one horse generally travelled 26i 
miles a day. 

The same gentlemaa has also favored us with the following experiments 
made on the Grand Junction canal at Paddington: 

Transversa section of canal 142 feet 
Loaded boat • - - 17.2 i 

a weight of 72 lbs. acting over a puUy, drew the empty boat at the rate of 
3.45 miles an hour. 

' A weight of 77 lbs. acting in a similar way, produced a medium velocity 
.of 2.5 miles an hour when the boat was loaded with 21 tons of cast iron. 
. And all circumstances the same as the last experiment, it ref^uired a wei^t 
of 308 lbs. to produce a mean velocity of 3.83 miles an hour. 

Mr. Bevan adds; << The length of the towing line may be considered 98 
feet, and the mean distance of the boat from the towing-path, 20 feet. From 
this experiment, considering that the canal, in that part, was of greater area 
than it is upon an average, it may be inferred that, to maintain a velocity of 
four miles an hour, with a loaded boat, it would require the aid of four 
horses, provided the safety of the banks would allow; but 'as the canal is now 
formed, it would not be capable of withstanding the waste produced by such 
a velocity.'* 1^ 

Mr. Chapman (Canal Navigation, page 73) states, that he observed a boat^ 
8 feet width of floor, 10 feet width of water line, 5% feet extreme lengthy 
loaded with 14 tons, and drawing 2^25 feet of water, dragged against a. 
stream, the velocity of which was 5} miles an hour, with 28 trackers, and 
three men in the boat, pulling it on, and yet it did not advance more than a 
quarter of a mile an hour. 

Mr. Smeaton's estimate was, 22 tons burden, frQm2 to 2i miles an hour, 
with one horse. 

Mr. James Walker, of London, made some experiments in the London 

docks on the relative resistances at different velocities, the result of which 

he comnriunicated to the Royal Society, (May 31, 1827J which being very 

conclusive^ and conducted with great care, we give an abstract of them. 

. (Note L. Appendix.) 

The result of these experiltients was, that the resistance increased in a 
greater proportion than the duplicate ratio of the velocities, the respective 
resistances being as follows: 

Velocity in miles an hour. Observ 

2.529 
4.529 
3.871 

Some experiments, subsequently made, on the Forth and Clyde canal, 
are said to have produced a contrary result at high velocities, ' We harf oot 



resistance en lbs. 
9.41 


Resistance calculated 
in duplicate ratio of 
the velocity standard* 


42.59 


38.11 


28.07 


22.07 
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Men any official account of these experiments, bat it is 'said that, at low 
locities, the resistance was found to correspond with that previously known; 
butf on pushing the horses at a greater rate of speed, the force of traction 
diminished, the wave at the bow of the boat disappeared, and the agitation 
of the watet in the canal became comparatively trifling. 

We confess we are somewhat sceptical as to the practical result of these 
experiments, and, at the' present eventful period in the }\fe of canal convey- 
ance, should think that such an important fact ought not to lie dormant 
The welfare, and, indeed, almost the existence of so many millions of pro- 
perty depending upon the inquiry, calls loudly for the substantiation or dis- 
proval 01 such important results by a series of incontrovertible experiments^ 

Whatever may have been the experimental result^ we had an opportii* 
nity lately, on a visit to Edinburgh, of observing ihe practical reiult aris- 
ing out of these experiments. 

A boat, constructed of that form which was found to produce the least a|p* 
tation of the water in the canal^ has been applied to convey passen^rs from 
Edinburgh, by the Union, and then the Forth and Clyde canal, to Glasgow. 

The boat is of great length, and narrow, and, in passing at the rate of 6jt • 
miles an hour, or 1,120 yards in 366 seconds, the wave, following the boat,. 
waa ver} considerable; so great, that we observed, at one of the bridges, the 
Water washed over a height of masonry 19i inches above the ordinary level 
of the water in the canal. 

The boat was dragged by three horses attached to the towing line, with a 
boy riding a poney to drive them. The distance, travelled upon the Union 
canal| is31i miles, and, in that distance, there are six sets, or changes of 
horses; the same horses returning the same distance back. 

This will give the power required equal to that of three horses travelling 
10.6 miles per day; the boat carrying about 60 passengers. 

Tl)e horses seemed much distressed by the draught, the action being that 
of a continual dead and unrelaxing effort Since this, at the commencement 
of the frost in December, the boats have been laid aside, and are not, it is 
said, to be resumed until an iron boat of a better form be built « 

Suppose the useful load of this boat equal to 5 tons, then — — » 16| tons^ 

conveyed one mile, will be the daily performance of a horse on a canal at 
seven miles an hour. And if we take 24 tons of goods, conveyed 20 mWes, 
at 2i miles an hour, we have the relative performance at 2i and 7 miles, as 
16| : 480. 
. But we have the relative effort of horses at 2i and i miles an hour as. 

I0» : 384, w.hencel^^i^ai62.5; and; therefore, the relative perform- . 

ance of horses dragging boats on canals, at 2i and 7 miles, is as 62.5 :4S0; 
the resistance, being equal to the duplicate ratio qf the velocity, 'would give 
62.5 : 490. 

According to the experiments of Messrs. Bevan and Walker,' the resis- 
tance should have afforded results greater than the duplicate ftitio of the ve- 
locities; but we must observe that those experiments were made with the 
same lM>at; whereas the results above is from another boat than that whicH 
was used for slow rates of speed, and of a construction more adapted for du 
minishing the resistance. * 

We are, therefore, we trust, justified in concluding that when the most 
suitable form of boat Is adopted for the particular load it fiaa to cairt^ ^<hsk 

$3 
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resistance of boats on canals, is,at least, equal to. the duplicate ratio, or squaie 
of the velocity. 

The diagram IIL, page 195, will, therefore, represent the resistance at the 
different velocities; and the following table will show the relattve quantity 
of work which a horse is capable of performing by dragging boats on canals, 
and carriages upon railways; assuming that the maximum of useful perform- 
ance daily on the former is equal to 480 tons of goods conveyed one mile; 
and, upon the latter, 160 tonsf conveyed one mile; making the relative per* 
formances as 3 : 1. 







TABLE XIII. 

• 




• 


Velndty in 
miles an 
. hour. 

Mazimum 
rate. 

• 


Useful wei^t 

conveyed in 

tons. 


Distance in 
Illil09« 


Useful effect 
in tons con- 
veyed 1 mile. 


Number of 
horses re- 
quired on 
canaL 


Number of 
horses re- 
quired on 
railway. 

• 


Ratio ^per- 

formanoesef 

horses on ca« 

nals and rail* 

ways. 


• 




80 


4S0 


1. 


3 


1 : 0.3S 


8 


84 


80 


48a 


3.4 


4.5 


1 : 0.75 


4 


W 


80 


4S0 


8.8 


6.3 


1: 1.3 


5 


84 


80 


480 


18. 


8.7 


I: 8.7 


6 


84 


80 


480 


31.8 


10.6 


1: 3. 


7 


84 


80 


480 


53.6 


13.0 


1: 4.1 


8 


84 


80 


480 


85.6 


16. 


1 : 5 J 



From this« we find that, when the rate of speed is about two miles an hour, 
the quantity of goods which a horse can convey upon a canal, is three times 
that which the same horse can convey upon a railroad. And that, when the 
velocity on each is about Si miles an hour, the resistance of the canal in- 
creasing as the square of the velocity, while that of a railroad remains the 
same — the two become equal; and a horse is then enabled to drag as much 
weight upon a carriage on a railroad as in a boat on a canal. When the ve- 
locity is further augmented, then the disproportion becomes greater, and k 
much heavier load can be conveyed on a railroad, with the same quantity of 
liiotive power, than can be done on a canal. 

If, therefore, the rate of tonnage on a canal, arising from the cost of form- 
ing, and keeping it in a state of active use, together with the cost of -boats^ 
be not greater than the tonnage required to form and keep ajrailroad in repair, 
and also the carriages by whiish the goods are conveyed; then the relative 
economy, at different rates of speed in the transit of goods upon Canals and 

^ railroads, will be represented by column 7 of the preceding table. But, as in 
general, the formation of a canal costs much more than the formation of a 
railway, and the annual charges of keeping the boats, towing paths, and 
bridges, &c., in repair, is also considerable, if those expenses be as mudh 
greater on a canal than upon a railroad, so as to compensate for the extra ad- 
vantage of the canal in the greater quantity of goods conveyed at a slow 

•rate, then their relative utility will assume a difierent value, and the raiU 
Way, requiring a less invcstn^ient of capital, and less annual charges, may be 
superior, and more economical, even at the lowest and most advantageous 
rate of motion upon canals; and, where facility or expedition of transit is an 
object, then, at the more rapid ratei; of speeds, the railway will be proper- 

tSpaably superior. 
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These etemenfal considerations beins, however, matters of calculationi 
where every instance may present a different conclusions^ and being de-> 
pendent upon all the Various concomitant circumstances incident to eaeh 
particular case, cannot, in a work' like this, be made the subject of eren 
conjecture. We have endeavored to furnish all those data which appeared 
general, apd which applied to the two modes in conjunction with each other, 
in a practical and general point of view; and it must be left to those par* 
8'jing the inquiry into all the circumstances of each particular case, when 
they come into competition with each other, to judge, from the individual 
characteristics of each mode, which of the two is preferable. 

When it becomes the subject of discussion whicl^of the two modes is to* 
be adopted, it assumes rather a different shape than when a railroad, the 
transit on which is performed by horses, is to enter into competition with 
a canal already formed. 

In the latter case, the canal proprietor commences with considerable ad- 
Vantage, by the additional quantity of goods which a horse can drag at a 
•low pace upon a canal, where, perhaps, a litlle loss of time may be no ob- 
ject; and the canal proprietor m^y, even with his great investment of capi- 
tal, by reducing hin rates of tonnage extremely low, be enabled to complete 
successfully with a railway* 

For, althopgh a horse may, when travelling at the rate of four or six miles 
an hour, convey a greater quantity of goods upon a railway than when em- 
ployed in dragging goods at the same velocity upon a canal; yet still a horse 
cannot drag more goods at the rate of four miles an hour upon a r&ilway 
than he can at two miles an hour upon a canal; for, in no case, does the 
greatest quantity of work .that a horse can do at the most beneficial pace 
on a canal, reach below three times that which a horse can do at any pace , 
upon^a railroad. 

For the conveyance of passengers, or wher^ the transit of any species of 
goods may require a celerity of four miles an hour, then railways become, 
unquestionably, more economical than danals; but if the question be the 
abstract; performance, or quantity of goods to be transported from one place 
, to another, without reference to speed, then the quaniiiy of work done 
by a horse on a canal will always be thre» times that which he is capable of 
doing on a railway. The comparative expense arising from the extra in-' 
terest of capital, and the annual charges and maintenance of a canal, may 
reduce this proportionate performance near to an equality; or. If the one 
compensate for the other, then, perhaps, the less Investment of capital in 
a railroad, and the greater certainty of transit, may make it superior to a 
canal. But, unless the disparity of cost is great between a railroad entering 
into competition with an existing canal, or unless some extraordinary cir- 
eumstances in the nature of the traffic occur, it may be. difficult to say, 
vihQTi horses are the motive power on each, which is superior. 

There is one very important property in a railway which gives it a great 
advantage over a canal, viz. the range* of undulation which its nature per- 
mits; a straighter and shorter line can mostly be made between one placa 
and another, which, from the necessity of having canals always perfectly 
level, or, af^Ieast, that lev^l only broken at certain intervals by the occur- 
rence of locKs, occasions, frequently, a difference in distance of consider- 
able^m^gnitude; and this, in many instances, may diminish the comparative 
cost of transporting goods, and give a superiority to railroads. 

And, again, in many cases, where the principal part of ibe Q3oda at« tA 
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be conveyed in one direction, by • proper iocliDatioa of the railway^ the 
weight of the goods conveyed, or quantily of work done) niay, in some in- 
stances, be considerably augmented, without presenting 'a greater average 
TBsistance than previously stated, when llie relative performance upon rail- 
roads will be proportionably increased. We' have a very striking proof of 
this in table 8, of the weight which a horse can drag, upon certain inclina- 
tions of road, when the train is descending. On 1 in 250, the gross weight 
is S8.44 tons, an increase of performance in the ratio of 2S.44 : IS, which 
cannot be taken advantage of by a canaljas, in that case, locks would be re- 
quired, which would diminish, rather than increase, the performance. 

Having thus given a few hasty remarks on the comparison of railroads 
with canals, in tJiQ use ofaoimal power, we shall now give a brief coonpari- 
son between the use of- mechanical power on railroads, apd animal povrer 
on canals; and here, as in every other case where the two species of action 
copie in competition, we shall find the mechanical power outstrip the aaioui 
in general economy. 

TiBSLE nf the relative performaneea of Honea dragging boats on Co- 
■nalt, and Coeomoiive Enginea dragging carriages vpon Railrottda. 
The former supposed to. be without locks, and the latter hofizotUoL 
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From this table, we find that a locomotive engine, efiecting a constant 
average velocity of fifteen miles an hour, will, in ten hours, on a railroad, 
perform the work of six horses, employed in dragging goods at the rate of 
two miles an hour upon a canal; and, as this rale of speed on a canal is that 
when the performance of a horse is a maximum, we derive the conclusion^ 
thai, aa lang'as the expeme t^one locomotive engine docs not exceed thai 
qfiix horses and their altendants; then goods can be conveyed with the 
same expenditure of motive power, at fifteen tnilei an hour, upon a rail- 
fvad, iAai ih^ can be convej/ed at two miiet an hour vpon a canal. 
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We have elsewhere stated that, in general, one Ibcomotive engine may 
be estimated to cost as much as four horses; but the comparison was made 
with horses upon railroads^ where one attendant to each horse is sufiScient 
On canats it will be different/ as the attendants upon each horse and boat are 
generally three; the relative cost of locomotive engines will, therefore, be 
diminished, and their utility, in comparison with horses on canals, propor* 
tionably increased* 

But this is not the only benefit resulting from the application of steam 
power to railways, viz. that goods are conveyed with the same expenditure 
of motive power on a railroad, at the rate of fifteen miles an hour, that goods 
can be conveyed at the rate of two miles an hour upon a canal. 

If it be attempted to augment the velocity on a canal to three miles an 
hour, then one locomotive engine on a railroad will, in six hours apd two- 
thirds, perform the work of seventeen horses on a canal; and if the velocity 
be further increased to four miles an hour, then, in five hours, the locomotive 
engii\e will perform the work of thirty horses; and, as often as these iimts 
are repeated, a similar ratio of performance Will be accomplished. 

We have a very conclusive illustration of this in the instance of the^^. 
boat on the Union canal: supposing it loaded with sixty pSsscngers back and 
forwards, the 31} miles requires eighteen horses. Upon the Liverpool and 
Manchester railway, nearly the same distance, an engine traverses, twice a day, 

■ 120 V 2 

with li^O passengers at a time=al20 miles. Therefore -x 18=73 

60 

horsed. From which we find that an engine, half loaded, performs the work 

of 72 horses, conveying passengers on the railroad at a rate of transit piore 

than double that on* the canal. 

This is sufficient to show the utter impracticability of attempting a compe- 
tition between canals with horses, and railroads with locomotive engines, 
in the conveyance of passengers. It follows, from this, that the only iu- 
periority existing in any part of the economy of canals, and that wherein a 
transient advantage over railroads occurs, when animal power is employed, 
and which consists in the less resistance opposed to the motive power in 
transporting heavy goods at a slow pace, is superceded by the application of 
machinery to railways. And this result may be expected whenever, as 
previously stated, the nature of the work permits the application of mecha- 
nical power in the oqe case, and it is brought into competition with animal 
laboi* in the other. , 

These observations of the relative perfornMinces, with respect to work on 
rail^roads and canals, apply to the motive power only. ^' 

If the formation and annual charge of a' canal exceed that of a railroad, 
then a further increase of advantage is produced in favor of railroads: on 
the contrary, if the balance is in favor of a canal, then it will become a 
question, whether the additional celerity in the transjt of goods by a rail- 
road, will compensate for any additional cost of {he railway? In general, 
the difference of cost, both in the formation and annual charges, is presumed 
to be in favor of railroads, (see note M,) and, if any judgment can be formed 
firom a comparison of the tonnage upon the various canals in the different 
districts of England, and that on railroads, th# presumption appears nearly 
indisputable. (See note N.) 

The triflin^injury done to the road by the action of the locomotive en- 

g*ne, considerably enhances its value, by diminishing the charges of toaix^^ 
r annual repair^ which, added to the less in^eaUnftidl ^i ^\\aiS. \^^^\^ 
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in the formation of » railroad, excites reasonable expectations of a very im- 
portant change in the economy, and also celerity of internal communication. 
In the above disquisitions, canals have been compared with railways in 
fheir most favorable state, as being without locks; any variation from this, 
wilt throw the balance more in favor of the latter; any deviation in the line 
of a canal from the horizontal, must be overcome by locks, which are pro« 
ductive of delay; whereas, in a descending line, especially when the ^rade 
is ill that direction, an incaease of effect takes place* 

In these disquisitioris, we have a decided superiority of railroads, both in 
point of economy and despatch, in the conveyance of heavy goods over 
canals. In.the conveyance, of light goods, or passengers, no practical com- 
parison can be made. Canals, after between. 70 and 80 years' experience, 
seem incapable of being applied to those purposes. Railways, on the con- 
trary, seem indisputably the best and most economical for all the purposes 
of internal communication and traffic, for light or for heavy and bulky goods, 
aa well as for celerity of intercourse, the most rapid ever yet effected. 

Taking all these circumstances into consideration, it can no longer be 
questioned which of the two modes is superior: the example of the Liver- 
pool and Manchester railway, where it has been proved that, with an expen- 
diture of capital of the greatest magnitude in overcoming difficulties which, 
perhaps, will never again present themselves, the conveyance of passengers 
alone was sufficient to realize jbl remunerating price to the company. 

Canals being incapable of adaptation to the celeritj^ of transport requisite 
for such purposes, are, therefore, deprived of a source of revenue the most 
lucrative; in a few, and, perhaps, only in a very few instances, can there* 
fore canals be brought into a comparison with railways. 

And when we look at the rapid improvement which the latter have under- 
gone within so short a period, the improvements which are still in progress, 
and which the ingenuity of that combination of talent now so powerfully di- 
rected towards them cannot fail of bringing to the highest state of perfection, 
we are led to expect the most important results in: the economy and celerity 
of commercial intercourse. 

It will not, perhaps, be iiecessary, in a work like this^ to explain, at 
greater length, the relative merits of canals and railroads. Local circum- 
stances may effect general results, but, unless other causes transpire than the 

* simple abstract question of the two modes . in comparison with each other, 
we have, by the application of mechanical power to railroads, the advantage 
of a less investment of capital, and also a saving, by the motive power, 

. which, combined with the celerity of despatch, must prove of infinite im- 

. portance to pommerCe. 
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No. S. 

TABLX X. wood's TRXATISXy XD. 1831. 

Chass loadf in ions, which a locomotive engine, capable of taking 30 
tons, ai 15 mites an hour, will drag at the undermentioned velocities^ 
in miles an hour. 



jDelination of 
J>lane. 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


XiCYel 


53.4 


51.81 


45. 


39.23 


34.28 


30. 


26.35 


22.94 


20. 


17.36 


1 in 4480 


50.85 


49.35 


42.57 


37.35 


32 62 


28.57 


24 97. 


21.82 


18 97 


16.5 


2240 


48.51 


47.1 


40.87 


35.62 


31.12 


27.22 


23.85 


20 85 


18.15 


15.9 


1120 


46.5 


45.03 


3907 


34 05 


29 77 


26.02 


22.8 


19 95 


17.32 


15.07 


1000 


43.56 


42 3 


:i6 7S 


32.^2 


27.97 


24.45 


2145 


18.7 


16.27 


14.17 


900 


42.9 


41.7 


36 3 


31.57 


276 


24.15 


21.15 


18.45 


16.12 


13.95 


800 


4i.r 


39.9 


35.15 


39.6 


26.77 


234 


20.47 


17.85 


15.6 


13.5 


700 - 


41.25 


39. 


34 05 


29.7 


25.95 


22 73 


19.87 


17.32 


15.07 


13.13 


<600 


39. 


37.8 


32.85 


28.57 


24 97 


21.9 


19.05 


16.72 


14.55 


12.67 


500 


37.05 


.36. 


31.2 


27 22 


23.77 


20.85 


18.22 


15.9 


13.87 


12. 


448 


35.61 


34 5 


30. 


26.1 


22.87 


19.7 


17.47 


15.25 


13 27 


11.55 


400 ^ 


33.75 


33.15 


28.8 


24.37 


21.97 


19.2 


16 8 


147 


12 75 


11.1 


350 


32.7 


3U56 


27.37 


23.92 


20.85 


18 25 


15 97 


13.95 


12 15 


10.5 


300 


31.44 


29 76 


25 8 


22.53 


19 65 


17.17 


15.07 


13 12 


11.47 


9.97 


250 


28.2 


27.36 


23.77 


20 7 


18 57 


15.82 


13 87 


12.07 


10 57 


9.15 


200 


25.11 


24 36 


2122 


18 45 


16 12 


141 


12 37 


11.05 


9.37 


8.17 


L. 150 


21.36 


20.7 


18. 


15 6 


13.65 


12. 


10.5 


9.15 


7.95 


6.93 


.100 

• 


17.55 


17.02 


14.77 


12.d 


1125 


9.82 


8.62 


7:s 


6.58 


5.71 



Table X gives the performance of a locomotive engine^ at the rate of 10 
intles an hour, 53.4 tons; and we are convinced, from experiments 
made since the calculation of that table, that we are quite within their pow- 
'ers; An experiment, with the << Planet" engine, gives 75 tons gross con* 
Teyed from Liverpool to Manchester (30 miles) in 9 hours and 54 minutes* 
(See Appendix, ^fote E.) 

We shall, however, take the performance in the table at 12 miles an hour* 
eq|aal to 45 tons, and continue the comparison for 8 hours, which will make, 
at Si miles an hour, the horses accomplish their day's. work of 20 mites, 
and the engine 96 miles in that time. 

The following table will then show the respective performances: 



TABLS XII. 



LoeomotiYe engine 
. Horpes • * c 



Velocifjr in 
milei per 
hour. 



13 

10 



Load taken 
in tons. 



45 

12 
3 3.8 



Dii*ance tra. 
veiled per 
day. 



96 
20 
13 



Effective 
performance 
in torn con- 
▼ejredlmile 



4,320 
340 
43.8 



NTo, of horaea 
equal to one 

loconlotire 

engine. 



18 
98 



We have given two tables, one table X, on the supposition that SO tonft 
moved at 15 miles an hour, is the load, and the other (table XJ^) oi^-third 
more, or 40 tons aMnred at the same rate. 
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On long lines of road, we may calculate ^pon a load equal to the reurist- 
ance of 30 tons upon a level being taken, calculated upon the average tneU* 
nation of the whole line: provided that any short undulations, which may 
occur, do not present a resistance greater than the power of adhesion of the 
wheels, or greater than given in table XL 

The latter table will, therefore, show the load which may be overcome 
upon any short undulations, and the velocity which the engine can move 
with such loads; and we have carried the calculations of those tables farther 
than the load which the adhesion of the wheels can overcome. 

That the engines are capalile of e£fecting such :^ performance as that 
shown in table XI, will appear from a calculation of the powers of the 
<< Planet'' engine. The cylinders are 11 inches diameter; "length of stroke 
16 inches; area of cylinders =a 190 inches, which, moved through dJI 
inches in each revolution of the wheels, rs 6,080. 

The diameter of the wheels is 5 feet; circumference 188.4; the resistance 
of 40 tons, is 400 lbs.; whence 188.4x400 a 79, 360; therefore, VoW ** 
13 lbs. per square incii \ipon the piston effective pressures, to overcome a 
resistance equal to 40 tons, moved at the rate of 15 miles an hour; which, 
with steam of the elasticity of 50 lbs. per square inch, is an effective pres- 
sure of 26 per cent — the number of strokes per minute being 84; velocity 
of piston 224 feet per minute. We shall now ascertain, if the boiler is ca- 
pable of generating a suflScient quantity of steam, to keep up an adequate 
supply at 50 lbs. pressure per square inch. 

The area of the two cylinders is 6080 x 84 strokes per minute, » 510.720 
cubic inches of steam expended every minute. We find, from table IX^ 
that the <^ Arrow»'' whose powers of generating steam is not equal to the 
*' Planet,", evaporated 275 gallons per hour, or 4.80 gallons per minute; 
which will give about 501^328 cubic inches of steam, at 50 lbs., or 510,720 
.cubip inches, at 49 lbs., increasing the effective pressure frqm 26. to 26»5 
per cent We have previously found that these engines are capable of 
. yieldipg an effective power of upwards of 30 per cent of the pressure on 
the piston. » 

We thus see that those engines are not on]y capable of effecting a per* 
formance equal to that in table XIj for short distances, or over casual un- 
dulations; but that, with a power of evaporation equal to 275 gallons per 
hour, they will be capable of constantly keeping up that performance. 



^ Not* E. 

• • 

^'On Saturday last, (4th December,- 1836,) the 'Planet' engine, Mr. 
Stevenson's, took the first load of merchandise which has passed along the 
railway from Liverpool to Manchester. The team consisted of 18 car- 
riages, containing 135 bass and bales of American cotton; 200 barrels of 
flour; 63 sacks of oatmeal, and 34 sacks of malt, weighing, altogether, 51 
tons 1 1 cwt 1 quarter. ^ 

To this must be added the weight of the wagons and oilcloths, viz. 
23 tons 8 cwt 3 quarters; tender, water, and fuel, 4* tons; and 15 per- 
sons on the team, 1 ton; making a total weight of exactly eighty tonal 
exclusive of the engine about 6 tons. 

The journey was performed in 2 hours and 54 minqtes, including three 

gtopgagea of five minutes each, (one only being necessary under ordinarv 

circamstaacea,) jfor oilingi waleringi uid taking iu fuel; under the disaa- 
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vantage also of an adverse wind, and of a great additional friction in th^ 
wheels and axles, owing to their being entirely new.' The team was as^ 
sisted up the RainhilMnclined plane, by other engines, at the rate of 9 milea 
an hour; and descended the Sutton incline at the rate of I6i miles aa 
hour. The average rate, on the other part of the road, was 12i miles aa 
hour, Ifie greatest speed on the level being 15i miles an hour, which was 
maintained for a mile or two at different periods of the journey.'^—* 
Liverpool paper. 

** The journey between the two places was, on the 23d November, peN 
formed by the 'Planet' engine in 60 minutes, including two minutes, the 
time employed in taking in water on the road as usual. 

** The motive for performing the journey* was, that the engine had beea 
engaged to bring up from Manchester to Liverpool some voters for tbe 
election; and, by some cause or other, the time of setting out was delayed, 
rendering it necessary to use extraordinary despatch in order to convey 
the voters to Liverpool in i\m^^* -^Liverpool paper. 

<< The engines have conveyed about 50,000 passengers, and have tnh 
versed a distance of 28,620 miles, or 954 trips from Liverpool to Man- 
chester and back, from the 16th of September to the 7th December, incla- 
ttve; during which period there have only been eleven instances of the 
journey exceeding by half an hour the* time fixed for its performance*^ 
-^Liverpool paperi 



No. 3. 

Offics or THB Baltixorb ahb Ohio Railroad CoMPAiiTy 

January 27, 1831. 

'GftiTTLSHEN: In. compliance with your request, under date of the 19di 
instant, and in obedience to an order of the House of Delegates, passed on the 
lltb, requiring << the Committee on Internal Improvements to .inquire io- 
'io, and report the relative expense, benefitii and facilities of constructing nut- 
roads and canals, with a view of ascertaining to which of those means the 
funds of the State cag be most beneficially applied;'' I now enclose a com- 
munication, illustrative of these several subjects, from the chief. engineer of 
the Baltimore and Ohio Railroad Company. , 

And am, very respectfully, &c« 

P. E. THOMAS, Preaideni, 
Baltimore and Ohio JRaibroad Companff. 

To the CoHMiTTXE ON IhterKal Improvehehts, 

House qf Delegalea, ^nnapoK$. 



Erqiheer's Office of the Baltimore and Ohio Railroad^ 

CoMPANy, January 24, 183 L 

In accordance with thy request, I submit the following observations in 
]<egard to^^the comparative merits of canals and railways, so far as relates to 
their eipense, facilities of constnction, and benefits to the State of Mary- 
land, in point of revenue, as well as of general advantage to the citizeiM. 

26 
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1« First-^Comparaiive expense. • As a canal and a railroad t»nnot both be 
constructed between any two points on the same identical route^ therefore^ 
(be evidence, by which we are to judge of their comparative expense on a gU 
ven liney must consequently be that of an estimate for each, or by an ap« 
proximate conclusion drawn from analogy. 

. IjLnowof but one route, on which careful estimates have been made at 
the same time both. for a canal and for a railroad. . The route here alluded 
to, is along the Potomac river, from the Point. of Rocks to Harper's Ferry, 
or at least so much of that route as was included in the narrow • passes. 

These estimate were made by N. S. Roberts and my^elf^ as commission* 
ers appointed by the Chancellor of Maryland to examine and. survey the 
ground with a view to the location of the Chesapeake and Ohio canal and 
the Baltimore and Ohio railroad along that lii^e. In the first place, a route 
was run for the canal| and an estimate made for it, without any regard to' 
the railroad. In the next place, a route was run and estimated for the gra- 
duation and masonry of the railroad < with a view to tbree sets of tracks 
through the saine narrow passes, without any regard to the canal. 

From these estintates, therefore^ adding to the estimates for the railroadf 
an average price for the laying of thneelracks of tail way on the graduated 
■urface so to be prepared, wq arrive at results which wjll give the compa- 
rative probable expense of both the canal and railroad* 

The canal was assumed to be of such dimensions, that, with a depth of 
water of 6 feet, its cross section should contain an area of 306 square feet 
The breadth of the graduation for tbe. railroad was to be 30 feet 

Mstimates for the Canal. 

Lower Point of Ropks, length 3,033 feet, cost ... 945,766 
<tipp^r Point of Rocks, length 12,133 do - - - - 23,123 
Miller's NarroiTS 3,052 do - - - . 30,028 

Harper's Ferry Narrows, ljl26 do - - - • 1^,102 

■ ■ ■ ■ ' • . 

Tptay . . .'9,334 * 127,019 

"Add 10 per cent for superintendence, 4lc. - - - - .12,702 

Amountingto, - - • - - - - -^139^721 
Squal to 079,036 per inile. * 

Estimates for the RaUfoad. 

Lower. Point of Rocks, length 3,427 feet, cost . . . ^ 12,472 

Uppefr Point of Rocks, 3^107 do - - - - 9,746 

Miller's Narrows, 3,500 dp* • - . . 16,879 

Harper's Ferry Narrows^ 1,100 \do - - i . sfiS^ 

— • ■ " ■ 

Total, - - 11,134 044,654 

Add 10 per cent for superintendoncei &c. • - - ^- 4,466 
Also for three sets of tracks on a length of 1 1,134 feet, at $ ^/OOO 

per mile per track, including 'superintendence, &c. ^ - 31,631 

- i'- I .- :■ . 1 

Amounttogto - - '^ » - ^ -. - .r 0:8PyA51 
Equal to 038,294 per mile — witb^but a doiible^eetieC. tricksy t}ie cost of 
tie mlroad, wbea completed^ would be $i 33,294 per fen Jle. : 
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Id relation to the foregoing estimates, the following remarks may be made: 

1. The estimate for laying the rail track is assumed equal to the actual 
cost of that on the Baltimore and Ohio railroad, which has been laid with 
the use of wooden string pieces and stone blocks. According to the expe- 
rience which we have already had, the substitution of wood sleepers for tfie 
stone blocks would result in a cost of ^4,000 per mile, and the use of stone 
sills in lieu of either, would result in about 6,000 to 6,500 dollars per mile, 
as the cost of a single track, as stated in the 4th annual repoit of the com- 
pany. 

2. The estimates for the canal above statedi do*not include any lockage, 
thoueh there will be about forty feet of fall to provide for by locks between 
the roint of Rocks and Harper's Ferry. Nor is the cost estimated for 
lining the interior banks of the canal with stone, a precaution, without 
whicn such a work cannot be considered as finishe'd. This conclusion re- 
sults from experience had on th^ New York Erie canal. 

The amount of this latter item would perhaps be about $ 5,000 per nfiile, 
to which must also be further added the proportional expense per mile for 
the requi9ite lockage. 

3. On the whole, therefore, whether we take the estimates as already 
Itflited, or with such additions as will make them of the most permanent 
character, still the ratio of the probable expense of their construction will, 
on the ground here estimated, be about as two for the canal to one for the 
railroad. 

4. I have not seen thq last estimates for the canal on the intermediate 
grounds, and, therefore, cannot institute so strict a comparison with regard 
to them. My opinion is, that, in the ipost favorable ground along the river 
Ibttom lands, the expense of the canal would exceed that of the railroad 
from 25 to 60 per cent 

In relation io other routes. Until we have definitive calculations for a 
greater variety of instances in this couutiy, than'we are yet able to lay be- 
lore tlie public in relation to this question, we can only offer our opinions 
upon the limited data within our reach. 

In the report of the United' States' Board of Internal Improvements, the 
cost of constructing the Chesapeake, and Ohio canal from Georgetown to 
Cumberland, was estimated at about ^8,000^000. It is true, other esti- 
mates have since been made reducing the amount perhaps to about 
f 5,006,000. But it is understood, that, so far as the construction of that 
'work has been prosecuted, the latter estimate has been found to be wholly 
inadequate, and I am of the opinion *that, unless the dimensions shall be 
eontracted, or the work bp made less permanent in its character, the esti- 
mate first mentioned will not be far from the amount which that work will 
have actually cost, should it be'completed to Cumberland. 

5. It is confidently believed, that the cost of the railroad to Cumberland, 
inclusive of the extraordinary expense of that portion of it between Balti- 
luore and EUicott^s mills, will -not exceed £5,000,000. 

The estimate made by the same board for the entire canal from George- 
town to Pittsburg, amounted to abolit 282,000,000. It is Conceived that 
the cost of the railroad wotild not be one half of thisampunt> and it might not 
exceed one- third of it.' 

, The stupendous resefvoirs and tunnel, and the numerous locks which 
have been considered rieces>sary in crossing the mountains on the middle di- 
Tuioto^&f \he canaly would be dilpensed with iu case oC ^ mVx^AA^^ v&i^ >^^ 
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comparatively insignificant expense of inclined planes^ and stationary steam 
power, substituted. 

It is believed that the expense of constructing a canal from Baltimore to 
the Point of Rocks would be double what the railroad between the same 
points will cost. 

The estimate reported by Dr. Howard, for a canal from Geor}i;etown, D. 
C.| to Baltimore, the length being 44| miles, amounted to about jS'^,800,000. 
It is not doubted but that the half of this sum would be more than ample 
for a railroad.* 

Upon the whole, I infer, that, over rough and difficult grounds, yet such 
as have been pronounced practicable for a canal* the cost of a canal would be 
about from 50 lo 100 per cent more than that of a railroad. The forme^^ 
to be as spacious as such, works may be expected to be made on such ground, 
and the latter.to have a double set of tracks; and that, on the most favorable 
grounds which the country affords for such works, the ratio of expense may 
be expected to vary, from an equality to 50 per cent, in favor of railroads. 
Second — FaciUtieafor Construction. The answer to this part of the 
inquiry may be considered as almost included in the preceding one. 

It may, however, be added, that, by reason of the supply of water neces- 
sary for canals, their number, extent^ and locality, will necessarily be much 
more limited than railways. It may also be recollected that the minimum 
discharges ofruiuiing streams becomes less as the country advances in agri- 
cultural and manufacturing improvements. 

Railroads can be constructed, advantageously, over a considerable variety 
of inclination and character of surface, impracticable for canals, and their 
branches can be made to penetrate the glens ^nd defiles of the mountain^ 
where^ lockage would be very great, and the supply of water for canals total- 
ly insufficient, but where extensive iron and other manufacturing establish- 
ments may be located. 

Tliird — Benefits to the StatCf and advantages toUhe citizens. The 
benefits and advantages, both to the State and to the citizens composing it, 
it is conceived, will be greater from the railroad than from the canal system. 
The following observations are offered in support of this opinion: 
The capital invested in a given line of railroads and canals will, in no 
case, be greater in the first,. and will often be only half of what tjhe latter 
would require, whilst the speed on the former may be four times as great as 
on the latter. The resistance from friction is equal through equal spaces, 

* Recently, an eitimate, baied upon experimental surveys, (appended, marked No. 8,) \a^ 
been made by me, of the probable cost Of constructing a railroad upon 29 miles of this route, to 
wit: between the Baltimore and Ohio railroad and the northc^tern boundary line of the city of 
Washington, amounting to $1 ,555,539, including contingencies and superintendence; and it 
is probable if the route had been extended to the basin at Baltimore, on tne route surveyed for 
the isanal, and to Georgetown, on the apparently favorable ground through Washington, so as 
to eubcace the extreme points estimated for the canal, that the estimate for thtf railroad on the 
entire route from Baltimore to Georgetown, would have been about $2 ,000 ,000. 

Tlus estimate, however, is based upon a plan for a railroad of the first class, with a double 
vayiway of^nich strength, and with grades and curvatures so reduced, as to allow of the eraploy- 
nent of Ihe heavier locomotive engiiies, with the highest velocities that may be desired or ad- 
missiUe; and is, therefore, much higher than was eontemplated in the comparison abovemen- 
tioned, or than would tbe suffident for a railway that would be equally effiMStive with a canaL 
With less latitude than has been taken upon the roailroad between Baltimore and the*Point of 
Rocks, as respects grade and curvature, there can be no doutft that a railroad could be coo* 
Mrw^eA 6rom Baltimore to Georgetown for one^half the estimate fof the canal. 

a J. KNIGHT. 
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whatever may be the velocity. The resistance of fluids, occasioned from 
a body passing through them, is rather more than in proportion to the squares 
of the velocities of the bodies in motion, whether it be a boat or a car; and 
as the density of water is to that of the air as 800 is to 1 , therefore the ce* 
sistance from water will be 800 times greater than the resistance from the at- 
mosphere with an equal velocity. It is not likely, therefore, that velocities 
on railroads will often be as high as to require a- calculation for atmospherie 
resistance; wbikt the law by which the resistance of fluids increases, causes 
that resistance, in a medium so dense as water, soon to be in equiiibrio with 
any impelling power which can be employed. 

The force of the wind and of steam has been the most successful in propel* 
ling vessels upon water; but the maximum velocity, under the most favorable 
circumstances, (not in canals, but in seas, bays, and large rivers,) is not 
known to have exceeded about 13 miles per hour, whilst, ,on a railway, in 
the present yet almost infant state of that kind of improvement, more than 
iour times that velocity is known to have been obtained. 

The inference, therefore, is, especially if cangls are included, that locomo- 
tion upon land by means of railroads will take place with quadruple the ve- 
locity that can possibly be attained upon water. I tOLj posMfy, for if any 
one should say that he imagines improvements will yet be made in the con- 
veyance upon water, I answer that the probability is much greater that fur- 
ther improvements will yet be made in the conveyance upon land. The. 
law of resistance is decisive of this matter, and, being a law of nature, it must 
always continue to operate. 

Seeing, therefore, that the capital invested will be less, and that the cele- 
rity and ease of niovement will be vastly greater on a railway than on a ca- 
nal, and supposing, which will not be doubted when the velocity is con- 
sidered, that the capacity of railways will be ample for all the wants of trade 
and intercourse, what can prevent the advantages of a railway bSingas great, 
nay greater, to the State and to the community, than those to result from a 
canal? 

If it be said that goods can be conveyed cheaper on a canal, it may be re? 
marked that the abundance of fuel in this country will always give to steam 
a preference as the cheapest moving power, and>that this agent will secure 
to railways their full effect, and cannot fail to place them pre-eminent above 
all other modes of inland communication. 

A locomotive engine and its train, conveying thirty* tons of goods 120 
miles in a day, would cause a daily expense of about ten dollars. This 
would be 3,600 tons conveyed one mile for 100 cents, that is, at the rate of 
S78, or a little over qne quarter of a cent per ton per mile. The operatiqn 
of the locomotive at Charleston, S. C. will justify this conclusion, without 
reference to what has been demonstrated in England. 

The c^st of transporting coal oo the Hudson and Delaware canal, during, 
the last season, was ^1 50 per ton, exclusive of any charge for toll — the 
length of this canal is 108 miles. The engineers stated, however, that the 
company expected to reduce the charge to one dollar and twenty -five eents, 
which would be at the rate of 1 j- cents per ton per mile. This canal has 
considerable lockage, but not more than ah average quantity. The larger 
dimensions, however^ of the Lehigh canal and of the Chesapeake and Ohio 
canal, would, (if we except the mountain section of the latter, in which the . 
quantity of lockage will be unprecedented) allow the charge for transporta- 
tion to be lesSi But I do not perceive \iOW iXi ^>A4) ^tvvu^ f:»s^^\]^S«K»^ 
lAsA /la/f a sent per ton per mile. 



It would appear, therefore, that the cost of transportation' will not be 
greater, but may, and probably will be less, or even one half, on a railway 
with locomotive engines, than it can be on the best canal; and the capital in- 
vested being less, -the tolls may also be less. 

Therefore, whether we reeard the amount of revenue to be derived, or the 
facilities and general advantages to the citizens to result from the canal or rail- 
road system, it will follow that railroads must have the preference* This pre- 
ference will be rendered more decisive, when we reflect that a canal generally 
occupies the most valuable lands, and that it requires a much greater quantity of 
land for itself, its feeders, dams and reservoirs; that it interferes with the plans 
oif irrigation and drainage, and deranges the hydraulic improvements connect- 
ed with the manufacturing industry of a country, and, to that extent, crip- 
pling its powers of production, whether present or prospective; that it con- 
siderably interferes with the free access and intercourse to and froni the 
lands and neighborhoods lying upon its opposite sides, and tends to prevent 
the locatipn and use of roads where public or private convenience might re- 
quire them across the route of the same— that, from the combined effects of 
floods, breaches, repairs, drought and cold^ the average duration of its navt* 
gable condition, in our climate, ia reduced to about one-half of the year — and 
that the navigation is tardy when in operation, being too slow for the transit 
of light goods, or for the conveyance of passengers^ mails, or messengers; 
that the railroad requires a less width of ground, and none that may be re- 
quired for feeders, dams or reservoirs, and will not so frequently occupy the 
best lands; it does not use or interfere with the streams and waters employed, 
or which may be employed for irrigation, or for any hydraulic or manufac- 
turing purposes; but, on the other hand, it adds to the value, and thus im- 
mensely increases the resources and wealth 6f th^ country, and in turn the bu- 
siness and revenue upon the road consequently thereby become increased; that 
it interferes comparatively in a very small degree, if at all, with a free passage 
over it from side to side, either for the purpose of agriculture, or for other in- 
tercourse, or with public or private roads, whether existing or hereafter to be 
located; that breaches will be rare, and their effects to prevent the use of the 
way, will be so temporary, that very little inconvenience, if any, will be felt in 
consequence; repairs in general will not prevent a free use of the road, whilst 
their amount will be less for the railway than for the canal; that the movement 
upon the railway will not be impeded either by drought or cold, the only im- 
pediment during the winter season will be from a fell of snow, which it has 
been demonstrated is so easily removed as scarcely to offer any obstruction, 
and consequently that the railroad may be considered to be virtually passable 
throughout the whole year; that the rapidity of the movements upon it may 
be as great as the wants of trade and intercourse can demand, or prudence 
admit; not only for the conveyance of persons, and the public mails, but of 
every commodity for which conveyance could'be sought; that, since necessi- 
ty would causer railways to be preferred to canals in many places and situa- 
tions, whatever might otherwise be our opinions of their relative value; and 
since transfers and transshipments add to the expense and risk, therefore, 
from this cause alone the ratio of advantage would work favorably to the 
railroad system throughout Ii^or the car that issues from the mine, or from 
the manufactory, with its freight of minerals or of wares, would then have no 
obslacle to its travelling to the most remote depot; and at once delivering its 
£vightinto& warehouse^ ship, coal yard, or other ^lace, without any expense 
or delay on //le intermediate shifting ot \\\e\<wA. Tt^%o\A^^^V\%xs^V«i- 
ioa in favor of a, caoaJ in a level district, but, ilihfctMttbVAUift^twfi^cW^itoiX.^ 
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in nine easei out of ten, the railroad should be preferred. ^See his Treatise 
on Railroadty 1825^ ch. 1.) Our climate is more anfavorabld to canals^ than 
that of England; in addition to which, it must be remarked, that from iKii 
inventidffs and improvements which have since been made^ the raihxiad sjre^ 
tem has double, if not treble the efficiency, that it had when Tredgold wrote. 
(See also Wood*s Treatise oti Railroads, 1825, ch. ix. ) 

In offering the foregoing remarks, it is by no means intended to contro- 
vert or dispute the utility of canals, but to make known, in a brief and summary 
Bianner, the comparative advantages of canals and railways so far as coneemi 
' our country, and testate explicitly my preference in favor of railways. Ir<^ 
deed it is obvious, that, of two States, the one adopting the railroad, and the 
other the canal system, the one which adopts the railroad would always con- 
tinue to have a decided advantage, whether as regards its agriculture, its 
manufactures, or its commerce, in proportion to the greater celerity, econo- 
my, and certainty which the one system affords over the other-— con8e(|uent- 
ly, other things being equal, would become the most populous, wealthy, in- 
telligent and powerml. And that whateter advantages may result to Eng- 
land from the high speed attainable on railways, the amount of the advan- 
tages to arise, from the same high speed, must be greatly enhanced in a 
country so ieiztended and so governed^is the United States. 

Respectfully submitted. 

JONATHAN KNIGHT, 

CAitf EnginJeer. ■" 
Philip Eb Thomas^ President ^ 4^. • 



No. 4. 
Duration qf Malleabk Iron Raih and of Wheels. . 

The rate of wearing of th^ wheels and rails will be at least as 50 to 1, even 
when the traffic is very great N. Wood's Treatise, p. 178, 

The quantity of wearing of wrought iron tire, of locomotive engine wheels^ 
is onfe-eighth of an inch per annum, (see same treatise, p. 179) equal to one- 
fourth ofan inch in two years, which will, therefore, be about the limit Ol( 
duration of the tire of these wheels. 

The wheels of the common cars wiH'lie subjected to about half the weight, 
and be of three-fourths the diameter of the locomotive wheels, and will,' 
therefore, last 2 x2 xlas3 years use when the tire ia malleable iron. Cast 
iron would wear only one-fifth part as long, (see same treatise, p. 179) bat 
when cast in chills, the wheels will wear many years, say froin 5 to 10 
years, according to the degree of hardening communicated. (See same trea- 
tise, p. 69.) • • • • ^ 

Now, supposing one-fourtA of an inch of wear to be admissible for the rftil% 
and that the quantity of traffic is great, and such that the ratio of tl^ 
wearing of the wheels to that qf the r^ils is 50 to 1, then, if the malleable 
tire of the wheels should only last two years, the rails will last 100 years. 
But, although atmospheric action is scarcely perceptible in its action to dete- 
riorate the rails of a railway id use, (see N. Wood's Treatise, p. 48,) yet 
they cannot be supposed to be altogether exempt from such action. We 
will, therefore, assume that the deterioration from this cause will equal that 
from the action. of the wheels, and the probable duration of the taiU ^lll 
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An experiment with regard to this subject is reported to havb been made 
vpon the Stockton and Darlington railway, (see N. Wood's Treatise, pu 
478) showing the loss of weight of a malleable iron rail fifteen feet long^ 
weighing 136} lbs., to have been half a pound in one year. If, ^refore^ 
18 is probable, this rail would not be unfit for use until it had loiit one*fourth 
of its original weight, or 34 lbs., its duration, in that case, would be 68 
years. 

After the rail shall become unfit for use, there will remain three* fourths of 
llhe original weight to be sold as old iron, and would probably be worth 
iMie-third of the prime cost 

In the absence of further experience, therefore, the assumption of 50yeara^ 
as the probable duration of the rails, would not appear to be too favorable. 



Nb. 6. 

JRepairs qf double Railway ^ length one mile; construction^ wood stringif 

and sleepers. 

The perishable materials will consist of*^ 
1. Iron rails, each 15 feet long, 2i incheii wide, and |th inches thick, 44 tons, 
at 050 per ton,s93,200, to which add, for turnouts, &c, 5 per cent, 
making 89,310, and to be renewed in 50 years. 
S. Iron plates under the joinings of the rails, and spikes to fasten down the 
• rails, $350y plus 10 per cent for turnouts and waste, amounting to 
JS3S5; to be renewed in 12 years. 
3* Scantling 6 inches square for string pieces, 63,360 feet, board measure, 
plus 10 pfer cent for turnouts, waste, and for keysa 69,696 feet, at 020 

f)er M.s:S 1,394; to be renewed in 12 years, 
eepers of wood, in number 2,640, plus 160 for waste and for turnouts 
=s2,800, at 20 cent8a9560; and to be renewed in 12 years. 
Now, the annual charge of these respective items will be measured by 
the annuities, which, being yearly invested ,together with the accruing inte- 
rests, will amount to the several sums required at the time the repairs are 
tpf be made. To insure the investments, the interest has been calculated at 
five per cent per annum. 

The annual charge for these four items and for labor^ will, therefore, be 
as follow:' 

^fl. Apnulty amounting to $2,310 in 50 years,. /> 
ft.^ i 2. Do do S385 in 12 years, 

?a j 3. Do do $1,394 in 12 years, - 

r L4. Do . do $560 in 12 years, 

. r Transportatibn and distribjjtion of • 

" ^5 J ii^Aterials, . 1 . j^oo 

I* ' I Re-laying the railway, at $5 per rod, 1,600 

• (^Superintendence and contingencies, 40Q 

2,500 in 12 years, - 157 04 

Annual charge for renewing the railway, - "$315 01 
B» OpeniDg ditches and making other miner repair% per annuoti, 185 00 
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Jlbsiract tf commodities^ and number o/passeng&s transported on ike 
^ Baltimore and Ohio Railroady from the 1st January to the 2Sth . 
Febtuarjf, ISSf^ inclusive, viz. 

Westward. 

Lamberj . • - • • - • Ton0, 128 *0 

Gotly - • - - • - - 229 

Iron^ • . - • - - - 107^ 13 p 

Grain, - . . • . - . • 68 II 0^0 

GrocerieSi plaster, bricks, &c. &c., « • • « 561 12 



Tons, 1,094 16 



Eastward. 



. noar, 33,800 bbla. - - Tons, 3,259 5 2 

Whiskey, ' 223 <« - - 33 15 

Firewood, - - ' - • - 2,481 

Timber, (for mechanical purposes) - 18 1 

Tanhers' bark, • - - 9 

Iron, - ... - 138 16 

Nails • . . - 29 18 6 

Granite,. . . . . 647 16 

• Wheat, . - - . 14 7 

Rye, - - . . 41 11 

Qorn. • - . - 345Q0 

Shoru and shipstuff, - - 54 18 

Pork, - . ,• . • 5 15 

Tobacco, - - . . - 1 14 

Furniture, leather, lime, glue, &Cm * 31 15 



'6,801 16 2 



Total tonnage, 7,896 12 2 

I. 

Passengers. 

Westward, ... ^t^^^i 47110 
Eastward, - - - 2,4085*'^'*" 

Office 0/ Transportation 
JBalt. and Ohio Railroad. v 

W.WOODVILLE, 
Aud^r and SupU B. fy O, Railroad. ^ 



No. 7. * 

Observations upon the cost qf the Liverpool and Manchester Railway., 

Brick making accounts. — The greater part of these bricks are fast usin^ 
in the building of the Manchester warehouses, offioeS) &<&« %3&ii vycni^ \si^»ktfiB' 
pieiting the bridges at. each end of the Une. 

$7 
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Bridges. — ^The foregoing description of the several bridges/ih'^a tabular 
fomii I have thought would not bp uninteresting, as affording a popular yi^ 
io^ the kind of structures that may be expected to occur ip similar undertak- ' 
ings. It will be seen that several of the bridges ar^ unfinished^ though hA\ 
approaching their completion. For this purpose^ a fund is reserved, as jfSt 
the estimate below, • ■ 

. Chat Moss. — Under this head is comprised the earth work from Bury* 
lane bridge to Legas occupation bridgei on the east border of the Moss, a di»» 
tance of 4f miles. The embankments in this space consist of 277,000 eaWc 
^^aVds of nloss earth, in the formation of vdiich about 677,000 cubic yards of 
yiunr moss have been used; the difference in measurement being occasioned hj[ 
'Aie squeezing out 'of the superabundant water, and consequent consolidatioil 
t)f the moss. The expenditure on this district has been less than the average 
expenditure of the rest of the line. 

Cuttings and embankmenls.-^TJndet ihia head, is comprised the earth 
work on the whole line, exclusive of the Chat Moss district The cutting^ 
somewhat exceecf the embankments, (he surplus is principally deposited aloqf 
the border of the great Eenypn cutting. . The excavations consist of about 
722,000 cubic yards of rock and slate, (including some side cuttings at Eo* 
cles to expedite and improve the consistency of th'e Barton embankmenQ 
and about 2,006,00b cubic yards of marie, earth, aod sand. This aggregate 
mass has been removed to various distances, from a few furlongs to between 
three and four miles, and no inconsiderable portion of it has been hoisted up 
by machinery, from a depth af 30 to 50 feet, to be deposited on the surfaob ^ 
above, either to remain in permfinent spoil banks, as at Eenyon, or to be ajf<^ 
terwards carried to thiB next embankment, as at the deep cutting through 
Olive mount; the process, in this latter case' being rendered expedienUfrodi 
considerations of increased expedition. Where land for the deposite of spoil 
banks has been purchased, the cost of the land forms part of the expenditure 
under this head, and a good deal of substantial atid lofty walling in the deep 
cuttings is also .included. The unavoidable expense of pumping out the wa- 
ter from the several cuttings on the line, during a wet season, was adverted 
to in the text 

Formation of the permanent road^ — ^This consists of what is termed 
Ballasting the road, thaf is, depositing a layer of broken rock and sand about 
two feet thick, viz. onefoot below i\\e blocks, and one foot distributed between 
them^ serving to keep them firm in their places. S^king down the iron 
chairs to the blocks or sleepers, fastening the rails to the chairs with iron 
keys, and adjusting the railway to the exact width, and curve, and level, 
come under this head of expenditure. . 

Iron rail account, -^This expenditure 'comprises the following items: 
Rails for a double way from Liverpool to Manchester, with occasional lines 
of communication and additional side lines at the different depdts, being 
about 35 miles of double way, = 3,847tons, at prices averaging something 
less than dei2 10«. per ton - •/ - - - jS48,000 

Cast iron chairs, 1,428 tons, at an average of jSIO lOs. . - 15,000 
Cost of spikes and keys to fasten the chairs to the blocks and 

the rails to the chair - ..... 3,83000 

Cost of oak plugs, for the blocks - • • * 61500 

Sundry ftei^la, eayts^es, t(A. 9^ ... . . 46702 
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.'itand.—^TinA is a heavy item of expenditure. The priee of land iff th6 

. Tibinity- ot laree towns is usually high, find the outlay was farther enhanced 

fey numerous dairos for compensation, owing to the prejudice which, a few 

C$eat9 since, existed against railways, and especially against what no\v appears 

.tiieir.pecifliar recommendation — the locomotive engine. A great change has 

' taken place in this respect' At the close of 1828, the charge under this head 

.was nearly jiSI02,000, but a portion of this amount, being for the*dep6ts, has 

been transferred to the carrying department 

Offict eatabl%^hnie.nt.—^\i\s comprises the salaries of treasurer and clerks^ 
d£Bce rent, stationery, printing, &c'. since October, 1824. 

Stont blocks and sleepers.^^Oui of the 31 miles, about 18 are laid with 

«tone blocks, and 18 with wood sleepers, oak orjlarch; these latter being laid 

principally across the Embankments, and across the two districts of moss. 

'A considerable quantity of wood sleepers have been destipyedi unavoidably^ 

• Sk the pirogress of the work. 

purveying account, — This comprises the cost of surveys* plans, '&c. for 
Idi0two applicaUons to Parliament in 1825 and 1826; also, the salaries of the 
engineer and principal assistants, stationery, &c. from the- commencement of 
the undertaking. 

Traveiling eapenses. — ^This includes the cost of sundry journeys and de- • 
putations to London, Darlington, Newcastle, &c. since 1824j also the costof 
journeys of inspection on Vie line of railway during the progress of the 
works. 

JSunnel compensation account. — This consists of compensation paid to 
parties under whose premises the Liverpool tunnel is elKCavated, for damage, 
either real or supposed; and, farther, of loss sustained on the resale of sundry 
houses and lands, which the company were required to purchase. There 
will be a credit to this account^ for premises resold, to the extent of about ' 
42,600. 

Wagcln account, — ^This expenditure is principally for wagons used in the 
progress of the work. There will be a credit to this account from the resale 
oFsuch wagons as cannot conveniently be adapted to the future purposes of 
the railway, and by a transfer of the remainder to th&carrying department, 
•t their estimated value. It will be observed that the statement of expendi- 
ture is up to the 31st of May, 1830; the railway, however, will require a far* 
ther outlay to render it complete, though the locomotive engine has passed 
t>vep every foot of ground from Liverpool to Satford. The slopes of the cut* 
tings want dressing, and several of them want protecting with foot walls. 
Thepermanent roadway is not quite finished, and some portions that have 
])een laid down require adjusting and re-leveling. The fencing, also, in por- 
tions of the line, will be incomplete for some time. 

The Directors, in their report dated 25th March last, e^mated the total 
expenditure, including warehouses, machinery, and carriages, at J6820,000, 
which may be apportioned as follows: 

Expenditure as above, in actual payments, to 31st May • - JS739,165 5 
Outstanding engagements to the same date. • • «' 7)500 

For walling the slopes in sundry places, and completing per- 
manent road - - • - - . - 6,750 
For cOmpIetiuE the bridges, including the Irwell, J66,000, and 

parapets of U)e Saukey viaduct JSl,400, and compensation 

in lieu of bridges *- • •/ - . -* 9^6^0 

Addhhaal engioes, wagons, and machinerY. pixl ^n&flt «»«^ 
tnei for delivery - - . . • • V\^^«tf:^^^ 
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Completing stationSy wharves, warehousesy &c. - - - 25,000 

Fencidg at sundry places - - - « .. %00({ 

ContiDgencies - --' •• - ld,084* 



Jiy 







, Washikotov, March nth, 1838. 

I now enclose an account of the increase of the trade and income of .the 
Liverpool and Manchester railwayi being a comparison of Aat of the two hilf. 
years of 1831, and which I mentioned it was my desire to obtain and have ad||- 
ed to the essay already' sent by thee to Gen« Mercer, the chairman of theeoijjh 
mittee. It consists of an extract from No. 1 1 of the << American Ihdlroii 
Journaf;" D. K. Mipor, New York, 10th March, 1833. 
* My request is that the enclosed paper, already described, may be added 
to my document No* 7, in the character of a note to it 

Very respectfully, 

J. KNIGHT. 

Hon. B. C. G[owAKD. 



Extract from No. 11 qfthe *^ American RailroadJoumal:^^ Z). JC Mi- 
nor. New York. lOM March^ 1833. 

Liverpool and Manchsster Railway. 

It appears from the following statement, taken from the report just print- 
ed and circulated amongst the proprietors of the Liverpool and Manchester 
railway, that the trade and revenue are increasing rapidly: 

Tons of goods. 

During the half year, ending SOth of June last, there were 
conveyed between Manchcester and Liverpool - - 35,865 

* During the half year, ending 31st December last, sent - 50,234 

Increase - • . - • • • 14,369 torn. 

Goods for Bolton and other parts of the road, during the 
half year ending the 30th June - - - . 6,837 

Goods for Bolton and other parts of.road for the half year * 

ending 31st December < • . • . • . 12,997 

Increase - - ' - - • - . 6,170 tons. 

Coals to Liverpool for the half year, ending 30th June *• 2,889 
Do do for do do 3 Ist December 8,197 

mimmmmtmmmmm 

Increase - - - - - . - - 5,308 tons. 

Being an increase of 25,847 ton^f ot 50i^t cent upon the last, as compar- 
ed with the proceding h*lC year. 
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P*']^ As.ltsp^efir pa98en|;er8, an opinion was pretty generally entertained that^ 
ijodl^.as the novelty of steam conveyance had ceased, the number of pas- 
ij^rs would fall off. The report, just circulated, shows a very different 
fi*It. 

isengers entered in the company's books during the half year, 
g SOth June - ' . . - . . 188,726 

^assengers entered in the company's books during the half year, 
indiiig 31st December last, berng - . • - - 256,321 

■ 
>, Increase . • . . - - . 67,595 

• ^, • 

^•w Being upwards of 33 ptt cent, increase for the last six months beyond the 
.' fint six months of the year, and upwards of 135 per cent increase on the 
• ttayellers, between the two towns, during the corresponding months previ* 
^l^usly to opening the railway. 

« - As respects the revenue, this has increased, of course, very considerably. 

£. 9. d. 
The revenue from coaches for half the year , ending 30th 
June - - - - -' - - 43,600 7 5 

The revenue from coaches for the half year ending 3l0t 
December last - . • • • * 58,289 5 

Increase --.-.. 14,628 17 7 



* The revenue for merchandise for half year ending SOth ^ 

Jane, was - - - - - - 21,875 1 

The revenue for merchandise for last half year - 31,085 18 4 



'Increase • « • - . • 9,210 18 S 



^—^ 



The revenue from coal for half year ending SOth June, •• 

ykzA - - .- - - • - 218 6 

• The revenue from coal for the last hidf year • • 692 10 7 

• Increase - - - • . - 474 4 7 

Making a total increase lipon the last half-year* as com- 
pared witA the preceding, of * . - - • 24,314 50 



No. 8. 

Communication from the President qf the Baltimore and Ohio XaU' 
road Company to the Legislature qf Maryland^ encfosing survejfs 
and estimates of the Railroad from Baltimore to Washington. 

OvTics ov ivs Baltimobs and 'Ohio Railboad Coupahi^ 

February 21, 1832. 

EsTSXMBD Fboind: The Leeistatureof Maryland having, at the last sea* 
sion, passed a Uw authorij^pK tne Baltimore and Ohio Railroad Compaby 
to lay out, survey, locate^ and construct a railroad from aome ^lAt ^noiifcA. 
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Btltimore and Ohio railroad already constructed, witbin eight Tniles of tU; 
jrfty of Baltimore, to the line of this State, adjoining the District of Gt*^ ' 
bill, in a direct line towards Ihe.city of Washington, along, he mostd}^ 
laitable. route that might be reasonably and convenienlly practicablf 
directors of this company were desirous of assertainini^. as well the fai 
which the intermediate country between the cities of Washington aqff 
more afforded for the location of a direct and efficient railroad, as m 
. probable cost of the construction of such a road in a manner worthy oL 
position, between the priticipal commercial city of this State and the Gajrf.. 
of the United Stales, and as a part of the great highway between the soi^liJ 
ern and eastern States, in order that it jnight be ascertained wheiher fhli ^ 
company could undertake to avail themselves of ^he authority granted Irr 
the law here referred to. As early, therefore, after the passage of this act,i^ 
their chief engineer could be spared from the important dutLea in which ^ 
was then engaged in relation to the location of the route for the raiiroiit. 
between Baltimore and the Potomac river, the board directed that officer tii' 
proceed, with all his assistants, to make the necessary examinations, sur- 
Toys, and estimates, and report the results as soon as practicable. After a 
most careful and assiduous attention to the duties assigned to him, the engi- 
neer has completed the general preliminary surveys and estimates; and I now 
have the pleasure to enclose to thee a copy of his report, which I respect 
fully request may be laid before the House ofDelei^les. 

By this report, it will be seen that a sum exceeding fifteen hundred thou- 
sanil dollars will be' necessary for the construction and completion, in a cbm- 
petent manner, of auch a railroad as will be adequate to effect the great o|h 
ject contemplated; and the experience of the directors justifies them in ro- 
posing the fullest confidence in the correctness of the report in all ita detaiU 
and estimates. 

It may be p^per for me to add, for the information of the Legislature, that 
the aum Uiatappears to be necessary for effecting this most desirable im- 
provement, greatly exceeds the amount which the directors feel themselves 
authorized, at this time, to divert from the principal object contemplated bf 
the company, aid to effect which they were incorporated — .the connexion of 
the principal commercial city of Maryland, by an easy, speedy, safe, «n({, 
cheap mode of intercomraunicalion with the western Slates — an object of.the 
first imporlance to the prosperity of Maryland. At the same time, the direc- 
tors cannot but consider a» similar ititercourse between Baltimore and the 
Capitol of Jhe JJnion as second only in importance to this great object, aqj 
in factasproperly forming "a part of it, since its early accomplishment would, 
in an eminent degree, contribute to secure the accomplishment of (he priii< 
cipal work — a work which, when completed, will be amongst the most 
magnificent, as well as extensively usef'il improvements, ever accomplished 
by human efforts. Such a work is, therefore, peculiarly deserving of the 
.(wther'aifl and patronage of the State, more especially as the assistance al- 
ready RCc^rdecL: has beei\j)j'o4H(=l''^« of *<> much benefit; and has enabled the 
company to a^brd fl demonstration that has resulted in the. iqost eatislactory 
assurance of its certain and triumphant accomplishment. 

-Permit me then, respectfully, but earnestly, to ask tha fcvorable atlentios 
.of theL4egiqli^ttire,tqthiasi4bject, so vitally important to the welfare and pros- 
perity of the: citizens of Maryland. The aid of the State will ensure the - 
c^^i^lruction of a railway between Baltimore and WiiBhington', of the capa- 
,ititJ^ dem^lb^d ia the report hetewith tranv^tted.' '.^t A early period^ » 
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.portion prOie fuiul^ necessary will be cheerfully furnished by the individual 
: ftftockholdersy and iris believed that the city of Baltimore will as readily 
*'^rnish another part The liberal encburagement we have already experienc- 
i^from the Le^slature, and the great benefit fc^hich must result to the State 
from the execution of the proposed work, will not permit a doubt but that 
i^e rej?rj j^^ J ^"^es of the people of Maryland will also promptly contributi6 
Utoit accViioj^nfient, and that they will not suffer the energies of this com- 
"'"iny to Dt ^ ^ralyzed for want of patronage and support 
With the assurance of my high regard and esteem, 

I am, very respectfully, 
•^ • Thy friend, 

P. E. THOMAS, President, 
« Bdltimore and Ohio Railroad Company. 

The Hon. Richard Thomas, 
; Speaker of t^ House of Delegates. 



REPPRT, 

Ehginsbr's Office, Baltimorb and Ohio'Railroaj), 

. Baltimorey February 17th, 1832. 

The calculations and estimates of the probable amount of expense that 
will be required in the construction of the co'ntemplated railroad to connect 
th^! cities of Washington and Baltimpre, having just been finished, I take 
the earliest occasion, in accordance with thy request, to communicate the 
gjeneral results. 

^ In the first place, however, it may be proper to give a concise general 
description of the proposed plan and profile of the contemplated railway, 
md to advert to the character of the country over which the route must be 
eonducted. 

The purpose of this railway being to effect an easy and rapid communica- 
tion between the national capital and the third city in the. union, as well ias 
to form an important and permanent part of the great inland highway that 
must, in connection with the seat of the General Government,- e^ist, and al- 
ways be used, in a direction pi^rallel to the coast, through Richmond, 
.Charleston, and Savannah, to the south; and Baltimore, Philadelphia, New 
York, and Boston, to the north; it would appear to be a concern involving 
great general inier^sts, aiid the benefits of which would descend to remble 
gjenerations. 

The railroad Uqidcr consideration,' therefore, will have a national charac- 
ter, and should be planned and constructed in a manner worthy of its highly 
important position and functions. 

To do less thaA this, Would be to n^isir a great national work, to the loss 
of the investment, and to the lasting detrimetll of our character for'i^cience 
and enterprise. The capabilities ofthe road should, therefore^ be such th^at 
no other work of any conceivable description could be brought intd success* 
ful.cpmpefitibn with it. 

in this Is' ihvolved considerations of speed arid' motive power, bbth «c7ea* 
tific and practical^ and these asnin must regard the resistances to b^b^N 
come, wheihef arising from friction, gravity, or 'ih0 passing of edrves. 
iFrictibn iipoh'iiiililvaya h^ <irithin a'few ye^s pii^t^ 'iindergono gi^t and 
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important reductions; and it may be that the final t^xfitio wli^Si'ifs ratio 
has been approximating, is not yet attained. From a careful consideralfaiD^ 
of this important item of resistance, and assuming the average of that^f te . 
two best kinds of cars now in use, and making allowance lor practical mnO. 
perfections in the railway, and supposing also the wheels to befthree feetil^ 
diameter, I have no doubt that the attainable rate of the friction^on 1 1^ ''^^^i 
aa to reduce the traction on a level to less than the 30th part o}^ ^ ^^^iS^f^ 
moved; but as wheels of less diameter may be employed for common earf| 
I shall assume th6 practical traction at an average equal to 264th. This i 
sistance, therefore, will be equal to Ihe gravity down a line of railway, '^i 
eending at the rate of one in 264, or 20 feet per mile; consequently the'lnisli- < 
nations of a railway from a level should not exceed this rate. 
• All motive agents, mechanical as well as animal, are capable of exerting^' 
for a short time, and, occasionally, twice the power, that their regular and con- 
stant average work or movements require when the effect produced is a 
maximum. This has been demonstrated by the mathematician, and has 
likewise been found to accord with experience. Hence, the ascending lines 
of a*road of any description should pot have a grade requiring more than 
double the power necessary on the level parts of the same road. The power 
required on the ascent of the railway, at the rate of 20 feet per mile, will 
be double of that required on a levels in addition to that which will be ne- 
cessary to. counteract the gravity of the motive agent If, therefore, whilst 
die friction is the 264th, the ascents and descents are greater than one in 264| 
tnere will either be a loss of time, or else an unnecessary surplus of power 
would exist on the level parts'of the railway. In either case, there will be a 
loss of effect when compared with the cost of transmit. 

Moreover, since,, with the use of locomotive steam power upon this rail- 
way, the velocity on the level parts should be as great as will comport with 
due safety; it follows tfiat the velocities, upon the descending, should not 
be greater than upon the level parts; and, therefore, any acceleration from 
gravity would not be useful, and could not be employed to any valuable ex- 
tent in this particular instance. Consequently, in descending, as well as in 
ascending, an inclination exceeding 20 feet in the mile would be disadvan- 
tageous. 

Although the grade had been restricted, as already mentioned, to one in 
M4 as the maximum, it was still desirable that it should be less than this 
limit, and that as much of the road should be level as the surface of the coun- 
try to be traversed would admit of, consistently with a due regard to the ex- 
pense of construction. 

It was evident^ that the velocities to be employed 'upon this road would 
be as high as confidence and safety would permit, and thdt a speed of about 
twenty miles per hour must be attained, so as to perform the trip from city 
to city within two hours. This will probably, require the use of a locomo- 
tive engine, weighing six tojjs, to convev a train of six cars, containing one 
. hundred passengers in the time proposed; for, although the adhesion of the 
wheels of a 4i ton engine would be sufficient for the draught of this train 
upon an ascent of 20 feet per mile, yet it is doubted whether its capacity for 
the generation of steam would be adequate to the whole performance within 
the specified time. 

Taking it then for granted, that a six ton engine will be employed, and 

ibat the speed will be made tp average twenty miles per hour, it becomes ne- 

cesaary t/iat ihe road should be comparatively straight, in order that the 
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centrifagal foreey in cunrea, may be small^ and the stability of the engine 
and its train upon the rails insured; and likewise, that the unnecessary wear 
iear should be prevented^ and, at the same time, the power economized. 

It was consequently concluded to make the curvatures so slight as to ad- 
niit of the use of locomotive engine wheels of a diameter of four or five 
feet, and so that just such engines in all respects as are now used on the Li- 
rerpool and Manchester railway, could be run upon this road. 

The minimum radius of curvature was assumed at 1400 feet. It is now 
known, however^ that the line niay be so laid that the radius of curvature 
shall, in no place, be less than 2000, and, in very few places, less than 3000 
fisety whilst the ascents and descents shall not, in any part, exceed twenty feet 
per mile. 

The greater part of the experimental lines already run, with a view to ihis 
railway, have been traced, with a view to the limits of grade and curvature 
already mentioned, and the estimates are made for a line of this character. 

A line more nearly approaching to that of a perfectly straight and hori- 
zontal line would have been preferred, but the character of the country does 
not admit of it within any practicable limits of expense in the construction, 
nor would the gain in the motive power be a sufficient return for the capital 
which must be added to make any material reduction in the altitudes of the 
summits to be passed, beyond such as are contemplated in the estimates. 

The ridges crossed between the Baltimore and 0|iio railroad and Bladens* 
borgy are three in number; the first divides the slopes ot the Patapsco and 
Patuxent rivers; the second the two branches of thePatuxent; and the third 
the Patuxent and the Northeastern Branch of Potomac. The altitudes of 
tbese ridges, at the comparatively Jow points at which they are crossed, vary 
from 200 to 215 feet above the level of mid tide at Baltimore, and cuts, from 
40 to 50 feet in depth will be required, at the same time that the Patapsco 
and each of the Patuxents must be crossed at altitudes above them of from 40 
to 50 feet respectively. It will, however, depend upon the result of surveys 
yet to be made, whether the route may be laid across the second and third 
ridges just mentioned, at points less elevated; but it is not expected, that 
this would materially reduce the amount of the estimate, as the route would 
be lengthened by the change; yet the question will involve considerations 
connected with* the moving power to an extent that should not be disregard- 
ed in a route of such magnitude. The Patapsco may be crossed either at an 
altitude of 50 feet, or of 66 feet above tide, according as the one or the other 
of the two places proposed shall be ultimately selected for this purpose. 

From the Patapsco to the first ridge, in a distance of about six miles, the 
route passes up the valley of Deep Run, In consequence of the uniformity 
of the extreme grade necessary to be adopted in order to gain the summit 
at an altitude of 165 feet above tide, the line is here thrown upon very rough, 
uneven ground, encountermg a succession of spurs from the ridges, and deep 
indentations at the lateral small streams which have to be crossed; thus mak- 
ing the graduation of this part of the line very expensive. Thence to the 
head drains of the Northeastern Branch, a distance of about ten miles, the 
route continues to be equally expensive, in consequence of the cuts through 
the three ridges before mentioned, and the embankments across the valleys 
of the two Patuxents. The tributary of the Northeastern Branch having 
been gained^ the route for about eight miles in its descent down the valley 
of that sIrMuni to Bladensburg, is remarkably favorable. At Bladensbuf^ 
the vsikgr of the Northwestern Branch must be crossed with a long em. 

28 
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bankmenty from 30 to 35 feet in height, and thence to the line of the plat 
of the city of Washington^ a distance of about four miles, the route is rougji, 
and will require much heavy excavation. 

. From the lin^ of the city of Washington, the railway can be conducted to 
the General Post Office m the further distance of about two miles, upon 
such route, and to such other point as shall be agreed upon. The uncer- 
tainty, however, of the future position of this part of the line renders it im- 
possible* at this time to extend the estimates to any point within the city^ 
boundary. 

The materials to be excavated will consist of sand, gravel, and clay; the 
latter will, probably, in places, be found to be of a hard texture, and such 
as has been encountered on tlie first seven miles of the Baltimore and Ohio 
railroad. This will probably be the case along Deep Run, and also between 
Bladensburg and Washington. With these exceptions, a greater portion of 
sand and gravel may be found to obtain. Very little rock will be found in 
the whole extent of the route. 

The estimate for the graduation has been carefully made up from the de« 
tails of the several excavations and embankmefits, with a view as well to the 
supposed degree of tenacity of the material to be excavated, as to the dis- 
tance it must be transported in executing the work, and the width of the 
road bed to accommodate a double railway, that is two tracks, and the ditches 
necessary for drainage. 

'J*he masonry has been estimated on the plan of stone culverts and substan- 
tial stone arched bridges, without ornament or any unnecessary dressing. 
The stone will be found on the Patapsco, the two Patuxents, the North- 
western Branch, and on the Potomac generially, within a distance, probably, 
of 5 or 6 miles of the site of the works to be constructed. In estimating the 
masonry, due regard has been paid to the probable expense of securing the 
foundations, the quality of the work, the quantity of the materials, the dis- 
tance of transportation, and the proportions of the parts. 

In estimating the cost of the railway, regard has been had to the action' it 
will have to sustain, the quantity and quality of the materials to be used in 
the construction, to the necessary labor to be expended, and to contingencies 
and superintendence. 

It is confidently believed that tbe great ends to be expected from the es- 
tablishment and use of this important avenue of communication, will be at- 
tained, should the plan and profile, as already described, be adopted, and a 
railway suited to the action of locomotive engines, weighingsix tons, be con- 
structed. 

With a view to the action of such engines in high velocities, it is proposed 
to lay down rails of a description different from those on the Baltimore and 
Ohio railroad. The absence of stone suitable for sills thoughout this entire 
line, renders it impracticable, in the first instance, to use that material in 
the construction; and it may be likewise remarked, that even were this ma- 
terial sufficiently abundant, it would be some years before the embankments 
would be sufficiently settled to receive a structure of this kind. 

These circumstances compel the use of wood instead of stone to support 
the iron rails, and it is proposed to place the sleepers or tie pieces three feet 
apart instead of four leet as heretofore, and to use string pieces of wood un- 
derneath the sleepers in addition to those laid upon them, in order to strength- 
en the track, and tp prevent unequal and partial settling. These under lim- 
beat mBy be various ia their dimensions, and such as are to be procured with 
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most convenience. , The upper string pieces, however, which rest upon Ih© 
sleepers, and on which the iron rails will be placed, are proposed to be six 
inches square, of southern pine scantling, and of the best quality that can be 
obtained. The iron rails will have a continuous flat base, in width Si 
inches, restingupon the wood; each rail will be about 15 feet in length, and 
about 2 inches In height, so as to permit the flanges of the wheels to play 
above the base plate. These rails will be rolled of such form as to econo- 
mize the quantity of iron to the greatest extent consistent with utility. The 
rail will weigh about 3? pound per running yard, and it will require 50 tons 
for each mile of single track. ^ 

With regard to the policy of estimating for two sets of tracks instead of 
one only, it may be proper to observe, that, although there is little doubt that 
the capacity of a single track, with the proposed velocities, would be suffi- 
cient to efiect the whole of the transit that would be required upon the pro- 
posed railway for some years to come, yet when it is considered that re« 
pairs will be needed, and that, for these purposes, materials must be conveyed 
lor long distances on the line, and that considerable quantities of earth must 
occasionally be removed from the ditches in the long and deep cuttings, and 
transported ih railway cars to supply defects in embankments, or to some 
other place of deposite, and when it is also^ considered that two tracks would 
allow the business of the road to be performed in the day time, whilst the 
number of trains, and their hours of departure and arrival could be increased 
as circumstances shoqld require, the belief is entertained that it wiU be ad- 
vantageous to have two sets of tracks. 

The difficulties to be overcome having been adverted to, and the plan of 
the work described, it will be proper, next iti order, to give the results of 
the estimates. 

, The mason work will consist of 6,357 perches of culvert masonry, esti- 
mated to cost vi^24,OlO, being an average of ilS3 771 per perch of 25 cubio 
feet, together with 32,380 perches of biidge masonary, in which arches are 
to be made. The cost of tnis item is estimated at^2i5,135, or at the rate 
of $6 64) per perch: amounting^ together, to .38, 737 perches of masonry, and 
costing ;£239, 145, being an average of vl$6 17i per perch. This charge is 
considerably enhanced in consequence of the estimated expense of securing 
the foundations for the works. 

The total mass of earth and other material to be excavated, removed and 
supplied, to efiect the entire graduation, is calculated to be two, millions four 
hundred and sixty thousand seven hundred and sixty one cubic yards, esti- 
niated to cost the sum of {0779,518 15, being an average of 32.39 cents per 
cubic yard. 

The length of the route included in the estimate is 29 miles. 

Summary. 

Graduationy 2,406,761 cubic yards, at j$3,239^ - 2779,518 15 

Masonry, 38,737 perches, at $Q 174, - - 239,145 00 

Amounting to ' - -' 1,018,663 15 

Add 10 per cent, for contingencies and superintendence^ 101,866 32 

1,120,629 4T 
Railway double track 29 miles, at 815,000 per mile, 435,000 00 

Total amount - - 81.555.529 47 
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The details of the estimate from which the foregoing results have been 
obtained, are in this office, and statements of them will be reported if neces- 
sary. Maps and profiles are likewise nearly completed, representing the 
aeyeral routes surveyed* 

The final location of the route of the railway can be commenced as soon 
aa the weather will permit. 

In making the estimates, I have been assisted, with regard to the masonry, 
by Robert Wilson, assistant superintendent of masonry; and so far as relates 
to the structure of a track of railway, by James P« Stabler, superintendent 
of eonstruction of the Baltimore and Ohio railroad. 

In the surveys, drawings, and calculations, I have been aided by Henry 
J. Ranney, Benj. H. Latrobe> and. the other young gentlemen pamed in my 
list anauai report ^ 

All which is respectfully submitted. 

J. KNIGHT, CAiV* Engineer. 

Extract from the report qfthe Committee on JRailrpadsoftheNeto York 
^ Legislature on so much of the Governor's message as relates to that 
subject. * 

Mr. Stilwell} from the Committee on Railroads, to which was referred so 
much of the Governor's message as relates .to the construction of railroads, 
and the incorporation of companies for that object, submitted the followiiig 
rqx>rt: 

The important and responsible duties assigned to your committee have 
been duly appreciated, and the zeal which animates to the discharge of trusts 
however arduous, has impelled them forward under the various difficulties 
which they have bad to encounter. The brief space which is allowed in the 
daily routine of legislative duties, scarcely leaves sufficient leisure to prepare 
for. the investigation of the public any document which may be a sunject 
of material interest. Your committee have lost no time, however, and have 
spared no pains to meet the expectations of all. 

Perhaps no subject, since the foundation of this Government, has engross- 
ed the public mind to so great an extent as the one under consideration; and 
as a necessary consequence* the halls of the Legislature are crowded with 
applicants seeking permission, from the sovereignty of the State, for liberty 
to reap the rich and honorable reward which their imaginations may pic- 
ture as the consequence of success^ 

Excitements of the character which at present pervade the public mind, 
must arise from one of two causes. Either from a settled conviction that 
the object to be obtained will be a source of profit to the stockholders and of 
the public, or from a desire to throw before the public the means by which 
speculation may be promoted, and the few enrich themselves at the ex- 
pense of the many: to promote the former is the province of the Legisla- 
ture—to discourage the latter is their duty. 

Entertaining these views, the committee have felt it their duty to exam- 
ine more minutely into the' subject referred to them, than would seem, on 
first reflection, to be required; and, in the range of inquiry they h^ve pro- 
posed, they will proceed to examine into the practicability of the system 
which has called forth such general and enthusiastic expressions of opinion. 

There is scarcely any more important means of advancing the prosperity 
of a country ibao by a good system of internal commuaicalioa. The great- 
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er the facility of travelling from place to place, the more active will be the 
social and commercial intercourse; and^ the moi|^ ready the transmission of 
all the fruits of the earth, and all the products of manufactures, the more 
rapid the extensioq of improvements and inventions, and the more com- 
plete will be the dissemination of knowledge. Time is money in all 
operations requiring labor, and therefore a saving of time will be a saving 
of money. Every country embraces more or less of territory which woula 
be highly valuable but for its seclusion and distance from the more populous 
districts; — by easy and quick modes of conveyance, these disadvantages are 
overcome, and the most may be made of the capabilities of a country. 

The various means which human ingenuity has devised for effecting an 
extensive intercourse in the present state of knowledge, consist of roadsy 
railways, and canals. 

The enterprise of our citizens was, at an early, period turned to the first, 
and, if we may credit accounts on this subject, scarcely less anxiety was felt 
at that time to obtain grants from the Legislature for the construction of 
turnpike roads, than is now evinced to obtain railroad privileges. These 
early enterprises did not yield much pecuniary profit to the stockholders; 
nevertheless they were of incalculable good to this young but growing coun- 
try. The facilities of intercourse were promoted, and the general interests 
of the community were advanced. Next in succession came the desire for 
canals. The State having yielded her assent, the construction- of the Erie 
canal presented at once a n^w ^nd interesting view of the benefits of this 
mode of internal communication — the public mind again became engaged 
in works of internal improvement, and, .to what extent this feeling prevailed, 
may be learned from the following extract taken from the message of the 
Governor in the year 1827. " The canals, which now principally: occupy 
the public attention, embrace a navigable union of the principal bays on 
Long Island-r-of the Delaware and Hudson rivers— of the Erie canal, with 
tiie east and west branches of the Susquehannah — with the Alleghany river 
— with Lake Ontario, by Great Sodus bay — with Black and St Lawrence 
rivers, and between the latter river and lake Champlain; and even a canal 
from Lake Erie to the Hudson river, by an entire new route, has h^en sug* 
gested as practicable and expedient, and urged with great earnestness and 
energy." At the time this message was communicated to the Legislature, 
only one charter for a railroad had been granted, and of so little importance 
was this new mode of conveyance considered, that the Governor did not 
even allude to the subject, and individuals could not be found possessed of 
means and faith sufficient to fill the stock and undertake the enterprise. 
The public have thus been led on from one useful and patriotic improve- 
ment to another, constantly developing new resources, and holding out for 
example and emulation some of the most bold, useful, and successful enter- 

{ irises, that any country in any age has ever witnessed. From the know- 
edge we possess of the rapid advance of our fellow citizens in this know-' 
ledge of their wants and resources, and the most efficient manner of deve- 
lopmg them, it will not be necessary for us to more than hint at the difference 
between thie two last mentioned improvements. 

The object of any mode of Communication is to facilitate the thinsporta* 
tipn of heavy bodies from one section of the country td another. It conse- 
quently must be so ordered as to overcome those obstacles or irregularities, 
in the surface, which nature, has placed between the points to he ca^^^^Vs^ 
The principle on which the railway o]^ta\»a m ^S!WXvti^^>a ^>p.^ ^^- 
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fers essentially from that of a canal. In the latter, the body to hie moved is 
mistained by the greater gravity of the fluid on which it is placed , and the 
yielding nature of the particles which compose that fluid permits the body 
i^ move along the surface under a moderate application of force. This fluid 
Sa thrown into an artificial channel, constructed for the purpose, and ranges 
through the whole extent of country to be united. In the former, the 
weight to be transported is contained on rollers or wheels, and is made to 
move under the application of a comparatively moderate force, along the 
hard and even surface of planes, either level or partially inclined. 

Upon a canal, with an extremely lifioderate motion, the difierence between 
the weight moved and the propelling power is exceedingly great. This 
difierence diminishes rapidly with an increase of velocity. The resistance 
encountered lies in the gravity of the water, a nature which it is not possi- 
ble to alter, or in anywise to control. 

Upon a level railway, the resistance to be encountered consists principally 
of the friction at the axles of the carriages^ and the flexure of the rails, and 
is not materially afiected by a change in the velocity. 

Canals are confined to comparatively low districts, on account of the 
necessity of an adequate supply of water, and of the expense and delay of 
locks and lockage.. Railways may be made to traverse regions however 
elevated, and the ascents and ddiscents are not only not limited, but they are 
overcome in a comparatively short space of time, owing to the great supe- 
riority which inclined planes possess over locks. 

Canals experience the change of the seasons. most sensibly; the drought, 
the floods, and the frost, are serious and insurmountable impedimerits to 
tiieir construction, and whether they be constructed in the frigid, temperate, 
or torrid zone, the efiect of such changes cannot be avoided. 

Railways are said tiot to be afiected by either; and certainly the two first 
eannot operate upon them'. The last has been a subject of speculation among 
the inexperienced, and, as the construction of railways in this country is of 
80 recent date, perhaps we may not be enabled to rely with implicit confi- 
dence on such experiments as^ have been made. 

The Baltimore and Ohio Railroad Company, however, furnishes some 
evidence on this point, and would seem to put this question at rest Under 
date of the dlst of December last, the Baltimore American says: «< while 
all the communications by river and canal throughout the country are sus- 
pended on account of the ice, our great railroad continues in active and 
fteady operation, withoxit the least interrvption or hindrance from frosty 
snouf, or any other obstacle. The passenger carriages, generally full 
both ways, have traversed the line of sixty miles between Baltimore and 
Frederick, daily y since the opening of the road,^* This fact tends to prove 
that railroads may be used at all seasons of the year. The difierence, how- 
ever, between the climate of Maryland and New York, may be assigned as 
a reason for still urging this latter objection, and is certainly worthy of con- 
sideration. 

In consequence of the almost exclusive use of steam power on railways, 
this question, on some routes, may be one of serious import, and would re- 
quire close and satisfactory investigation, before entering upon the construe* 
tion of any road, the utility and profit of which depend solely on the busi- 
ness of the winter: on aiiy other route it cannot be a matter of so much 
moment^ for if It would be a good reason to deter from the construction of 
railroads, it might be urged with mucYi mote toto^ tL^iaat canals. Many 
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propositions have b^n made to obviate this diflScuIty, but as the question 
does not seem to be entirely settled by experience, the committee are ool 
prepared to point out any remedy or express any opinion. They may^ 
however, safely anticipate, that all obstacles which are not insurmountable^ . 
will be overcome by the ingenuity and enterprise of our citizens. Many 
difficulties have already been overcome, and, as the spirit of improvement 
has, by recent discovery, received a new impetus, we are warranted in the 
inost Sanguine anticipations of entire success. 

The first mention of railroads in England, is made in the year 1600; they 
were then made for crossing marshes* where materials could not be. pro- 
cured for constructing a solid road; subsequently they were used for trans* 
porting heavy bodies for short distances, and, at Newcastle-upon-Tyne, for 
ebnyeying coal from the mines to the furnace. In Russia they have beeft 
rin use for many vears. The first description of them we find in the yeair 
1676: they are thus described: — <* The manner of the carriage is by laying 
rails of timber from the colliery to the river, exactly straight and parallel; 
and bulky carts are made with four rollers, fitting those rails, whereby, the 
carriage is so ^sy that one horse will draw four or five chaldrons of coalsy 
and is an immense benefit to the coal merchant.'' Iron tracks, have sinc^ 
been substituted and used with great advantage, when an efficient and eco- 
nomical mode of transportation was found necessary. 

It is only within a few years, however, that any considerable attempH 
have been made to establish railways for general purposes. The entire 
success of these undertakings has fully proved the superiority of this kind 
of conveyance^ and the English are now engaged in such an extension ci 
their system of railroads, as promises results of the most important cha- 
racter. 

The aggregate length of railroads in Great Britain, including those now 
constructing, is estimated at near 3,000 miles. 

The introduction of the locomotive engine, as a moving power on rail- 
ways, and the extraordinary increase of speed as well as power which has 
been thereby attained, promise to work a revolution in human afiairs as 
great as has been accomplished. by the application of steiam to the purposea 
of navigation. 

^ Twenty years ago, we believe, the mails did not travel faster than about 
seven miles an hour. Erom seven miles it was raised to eight, and every 
one cried what an improvement! From eight it was raised to nine, and this 
was hailed as nothing, less than < prodigious!'" Attempts are making to 
force it up to ten miles an hour, but to any thing beyond this, to a certainty^ 
horse power fails us. How then shall we find terms adequate to express 
the value of a discovery that carries us at once from ten to twenty or thirty 
miles an hour? 

The experiments which have been made in England go far to prove that ' 
we have not yet arrived at the point where improvement in speed must' 
cease. The present average of speed upon the Liverpool and Manchesteih 
railway is sixteen miles per hour. The maximum velocity, unloaded, iM 
thirty-two miles per hour. With a load of thirteen tons, including many 
passengers, Mr. Stevenson's engine, the Rocket, travelled at the rate of 
fifteen miles an hour; and the engine of Braithwaite and Erickson, of Lon- 
dan, moved at the astonishing speed of twenty-eight miles an hour. <<It 
seemed indeed*" said a spectator, <Uo fly, presenting one of the most sub- 
limetpefstfteles of human ingenuity and human daring; the world e^ex ^V\ftl4« 



S24 [Doc No. Idl. ] 

It actually made one giddy to look at it, and' filled thousands with Kvelj 
Cw for the safety of individuals who were on it, and who seemed not to ran 
along the earth, but to fly, as it were, on the wings. of tke wind. When 
the vehicle,", he continues, << nicely poised on springs, and covered in to 
exclude the external current of air created by its motion, yoii might imagine 
jou were in a state of perfect rest, while you are flying along the surace 
ynih the speed of a racer. Then the steam horse is not apt, like his brother 
of flesh and blood, to be frightened from his propriety by sudden fancies 
which defy the prudence and skill of the driver. Explosion, if it takes place^ 
will not injure the passengers, for they are in a separate vehicle^ and. the 
eoginemen may be trusted with the care of their own lives. In day lightt tad 
with good arrangements, travelling in the steam coach, at twenty miles sta 
hour, may be much more safe^ as well as pleasant, than in any ordinary stage 
coach at eight or nine. 

The practicability of railways for the transportation of passengers, has 
been proved beyond question, and, from recent experiments, no doubt can 
be entertained that every description of article will be eventually conveyed 
on rails. Even now, many companies in England, owning the most pro- 
fitable canals in the Kingdom, contemplate draining them, and laying rail- 
ways on their site. Should they do so, it will be a very strong evidence of 
the superiority of railways over canals in the transportation of bulky ar> 
tides. 

' From the experiments made on. the Liverpool and Manchester railway 
for the purpose of ascertaininflr the requisite power or weight to move a given 
body on a level railway, the following were the results: The carriages and 
weight were moved along the road at various speeds, and with 10,. 15« 17, 
19 lbs. from which the following proportionate results were deduced: one 
pound moved 334 pounds, and kept it moving 4i miles per hour: onie pound 
moved 470 pounds, and kept it moving 3 miles per hour: one pound moved 
616 pounds, and kept it moving 2i miles per hour. On the whole, the re- 
aults were highly satisfactory ; and, from them, it would appeal: that the work 
of a horse on a railway, at a slow speed, may be brought to approximate 
much nearer to his work on a canal than perhaps had been generally 
imagined. Rating the powers of the horse at 150 pounds, the result wiu 
be equal to 41 tons, drawn by a single horse at the rate of two and a half 
miles an hour. Experimenls have been made on the Mohawk and Hudson^ 
end Baltimore and Ohio railroads^ but the precise results have not been com- 
Jtounicated to the public 

, The difference in the expense of constructing railways and canals have 
been variously estimated; some put it down at one half, others at one- third, 
jitkd again we have seen it estimated as nearly equal; but, from the know* 
fedge possessed by your committee, either derived froin actual observation 
W indisputable authority, they are induced to believe that the cost of a rail- 
,way is about two-thirds that of a canal through the same route. A single 
railway, or one set of tracks, with suitable turn-outs, will cost from nine to 
twelve thousand dollars. A double railway, with two complete sets of 
tracks, will cost from 15 to 18 thousand dollars per mile. These estimates 
are for well constructed lines of railways, through a/avorable country, and 
do not include any extraordinary difficulty. Every road which is intended 
to pass over a large extent of country, will be more or less obstructed by 
mountains, streams, vallies, &c.^ and in all these cases, the divisions' of the 
road will be subject to change accordingly. The eost of that part pt the 
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Baltimore and Ohio railroad which has been cbmpleted with double tracksi 
consisting of 61 miles^ is not precisely known; but the company are of 
opinion that the average cost, to the Ohie, from the present termination^ 
will fall but little short of SSO^OOO per mile. 

Connected, in some measure, with the cost of railways and their practi- 
cability, is the cost of transportation. In making a comparative estimate 
we miist always remember that time is money, and lliat the attainment of 
greater speed and certainty, amounts, in effect, to a reduction of expense. 
The advantages of a more speedy conveyance are often of greater value 
than the whole charges of transportation. The actual average cost of trans- 
portion is equal to about one dollar per ton per hundred miles, exclusive of 
the tolls, and the cost of a draft, or traction, ^upon a level railway, will not 
exceed a quarter of .a cent per ton per mile. And the above rate of one 
cent per ton per mile, for the whole cost of transportation, is believed to be 
entirely sufficient to cover all expenses, and afford a reasonable profit The 
daily expense of a locomotive engine now at work on the ManchesteV ready 
is as follows: the hire of the engineman, four shillings; firemen, two shill- 
ings and six pence; coal, three shillings and four pence; oil, one shilling. 
Total, ten shillings and ten pence sterling. 

Supposing the engine to carry 30 tons, at a rate of ten miles an houfi and ' 
to work 12 hours each day, realizing but 10 hours' speed, or 100 miles, 
makes the cost of traction about one-tenth of a cent per ton. 

The improvements that are constantly making in engines, leave the costs 
of construction entirely problematical, and the same may, in some measure, 
be aaid of the wky. 

The most approved method of constructing railways, is on the plan adopt- 
ed by the Baltimore and Ohio Railroad Company. A line of road is first 
graded, free from dhort curves, and as nearly level as possible. A small ^ 
trench is then formed for each track, which is filled with rubble-stone, on 
which are laid blocks of granite or'other suitable stone, (in the place of woodi) 
which will square about one fotit, and of as great length as can be obtained. 
The upper and inner surfaces of each track are dressed perfectly eten, as 
well as the ends of the blocks at their joinings. Bars, or plates of wrought 
iron, near an inch in thickness, are then laid upon these blocks or rails, in a 
line with the inner surfaces, and fastened to the stone with iron bolts or 
rivets, entering about four inches in holes fitted to receive them, and at a - 
distance of about 18 inches.' The distance between the two tracks, for the 
wheels, rhould be about five feet 

The railway cars or carriages are fittedjwith iron wheels, which, being 
cast in a chilly afford surfaces like hardened steel. Each wheel ha9 a flange, 
or projecting rim, of about one inch in depth, which runs below the rail- 
plates On the inner side of the tracks, and which effectually prevents the 
wheels from leaving the rails. 

This mode of construction, both of ways and cars, is now supposed to ex-; ' 
ceed any other; and when the stone can be obtained to answer the purpose 
at realK>nable expense, no wood is made use of in the construction of wayfLf 
This, it will be perceived, renders the work prooi against dilapidation, aiwl 
creates but a trine more expense. 
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EXTRACTS 



MEMORIAL OF THE CHESAPEAKE AND OHIO CANAL COMPANY, 
(Being Docament No. IS of the Ist Seaaion of the Sid Congress.) 



The relalive cost of the construction of Railroads and Canals, the com- 
parative expense of transportation thereupon, and of their respective 
annual repairs. 

It is believed that these interesting topics of inquiry have recently had 
nem I'ght shed upon Ihem by facts and authorities entitled to the highest 
confidence. 

Some of these, with the conclusions to which they lead, have been alrea- 
dy briefly noticed. Others are embodied in the following note, an apology 
K for which, it is hoped, will be found in the intrinsic difficulty, novelty, and 
importance of the investigations which it undertakes, and the growing anxi- 
ety of the public to be correctly informed in relation to the various subjects 
which they Decessarily involve. 

' In all cases where practicable, the language of the authorities cited will be 
found to be employed, with a view to insure greater confidence in the con- 
clusions at which the memorialists have arrived. 

Extract from the report of the Board of Managers of the Lehigh Coal 
and Navigation Company, presented to the stockholders on tfie I2th 
January, 1829: 

" The railroad continues an effective auxiliary to the business of the com- 
pany, and, being located upon a plane descending in the direction of the 
. load, and requiring no expensive or complicated machinery in its use, ap- 
L proximates, in facility of transit, to a small canal; and, whenever an en- 
■/ iarged business shall require the construction of another track, the peculiar 
advantages presenting for its location will insure its eSects to be fully com- 
mensurate with the most extended prospects of trade. The report of the 
engineer will exhibit the progress of Ihe improvements on the Lehigh, and 
what still remains to be done; from which it will appear that the whole can 
be completed in the early part of next season, and will then furnish a navi- 
gation from Mauch Chunk to Easton, made 'jp of thirty-seven miles of canal 
and ten miles of slack water pools, having five feet depth of water, and a 
well constructed towing path the whole distance. The canals are sixty feet 
in width on the top water line, with locks twenty-two feet wide, and one 
hundred feet long, and fed, at eight separate points, by substanlial dams 
across the river. These, besides lurnishing an ample supply of water for 
all the purposes of navigation, will also aSbrd important water power in ad- 
vantageous positions, especially the one at Easton, which has already begun 
even to-attractthe attention of manuiacturers." 
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To the annual report, from which the preceding extract is niadei iii ap- 
pended the following report of the acting manager, Jbsiah White: 

'<That the railroad to the company's mines, notwithstanding it was put 
up in such an expeditious manner, and was the first made, of such a. magni- 
tude in our country, continues to answer the desired purpose, althou^it 
has been subject to some modifications and alterations. Since we have re- 
duced the velocity of travelling, from twelve to fifteen miles an hour, down 
Xofive and seven mile9^ an hour^ our horses and mules, which, in the for- 
mer rate, got and kept sick, in the latter continue healthy, notwithstanding 
their regular daijy work is thirty-five to forty-five miles per day; and, so 
strong is their attachment to riding down, that, in one instance, when they 
were sent up with the coal wagons, without their mule wagons, the hands 
could not drive them down, and were under the necessity of drawing up 
their wagons for the animals to ride in/' ^ 

<* Perhaps some remarks on our experience with our railroad, on which 
has been transported upwards of 60,000 tons, may settle the question wrth 
sonie of our stockholdiers, who have doubted the policy of canalling the val- 
ley of the Lehigh in place of making a railroad. I, therefore,; now gi?e 
the cost of transportation oh our railroad, and also on the Erie cahaL > Situ 
for the latter, I obtained from the superintendent of the east division^of the 
Erie canal, and also from a gentleman largely engaged for three yean io 
the making of hydraulic lime or cement, and transporting it on one hundred 
and fifty->two miles of this canal.. Both are given, without toUs^ of repairs 
of road or canal.. 

^^ Cost o/^ transportation on our railroad for the year 1828. 

i ■ *, ' 

Mules and horses cost - - - 1 1-3 cent per ton' per mUe. 

Hands - - - - - 1 1-3 "clo. do. 

Repairing wagons - • - 2-3 do. do. 

Oil for do • ^ - -1-5 do. do. 



Total ^ - 3 53-100 cent per ton a" mifc, 
full and one way, and the whole cost divided into the distance one way 
only. 

Cost of transportation on the Erie Canal. 

4 ' ' ' 

^< For boats of forty tons burthen, one cent per ton a mile: full loads, one 
way^ and returning empty. Calculated as per the railroad. 

<* Calculating on same data as above, on a boat of sixty-seven tons, such as 
will be adapted to the Delaware canal, will cost seven-tenths of a cent per 
ton a mile; and, for a boat of one hundred and thirty-four tons burthen, 
adapted to the Lehigh canal, one-half cent per ton a mile; the latter being 
less than one-sixth the coiA; per mile, as per our railroad, notwithstanding 
the favorable circumstances attending that railroad. 

<<A railroad, well made, is attended with little expense for repairs and 
decay at first; but ail its essential parts begin, though slightly, to decay at 
its existence, and its decay gradually increases to its final annihilation.. 

*< A canal is attended with expensive breaches, &c. in the first instance, 
but every repair makes the work better; and most of its constituent parts 
are as durable as time. 

*^' Our canal, it is believed by our engineer, will lie passable by the seventh 
month (July) next* It is calculated for boats of out hundred and tj^irty to 
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one hundred arid fifty tons burthen. AH the lockSf aqueducts^ culverts, 
&c are laid in hydraulic iime. The ponds connecting the canal are clear- 
ed out in the channel fifty feet in width, and five feet deep: and all the tow* 
r'lths along tihem are faced with a permanent slope wall. In the whole line, 
know of no part on wliich money is expended for ornament; but, inas- 
much as we were sure of a large transportation on it, money has been ex- 
Ended to make it substantial, that might have been avoided, if the desire 
^ d been more to come within the original estimate oC the engineer than to 
have made a substantial and permanent work. 

f'ln the dryest weather of last autumn, our engineer. Canvas White, was 
on the summit between the Nescopeck and Lehigh, and, at the Lehigh, 
where it was proposed to take the water out for the supply of the canal to 
Nescopeck and the Susquehannah; and his opinion was given, that there is 
ah abundant supply of water for the summit; and, since then, Mr. Robin- 
son, a skilful engineer, appointed by the State commissioners tO' examine 
those grounds, for a canal or railroad from the head waters of Schuylkill 
apd Lehigh, or Broadhead creek, to the river Susquehannah, has examined 
tbjose grounds; and I learn that the result of bis examination is, that, of all 
tfle lines proposed, there is but one adapted for a canal navigation, and that 
one is by the Nescopeck to the Lehigh; and here, by resorting to a tunnel 
o^ only 0!'.e hundred and seventy-five poles in length, and a dam only ten 
to. thirteen feet in height across the Lehigh, at the mouth of Bear creek, the 
river Lehigh will flow into the summit. When it is recollected that it is the 
only line ^r a water communication north of the Blue mountains, that can 
CQUnect the Susquehannah with the Delaware and Philadelphia, and that the 
produce of the west branch of the Susquehannah carl get as cheaply this 
wjny as any other, and aU on the north branch of the Susquehannah, cheaper 
to Philadelphia, and thus be tributary to the Lehigh canal, and the Dela- 
ware division of the State canal, the stockholders of this company, and the 
pCiblic at large, will know, ere long, how to appreciate it The Nescopeck 
and Lehigh canal is calculated to correspond with the Delaware section, for 
boats of sixty seven tons burthen, and will cost for transportation^ from 
A^rwick to Mauch Ch^unkj from the best data I can get, about one-third 
as much per ton a mile as on our railroad; this,add^ to the advantages 
oi % continuous voyage in the same boatf and with the same superintend*, 
ing hands, (and no trans-shipment y) from .the extreme ends of the Sus- 
quehannah canal to Philadelphia, will, I presume^, settle public opinion on 
the'ni&nner of passing the ridge of land. between the waters of the Susque- 
bannfth and the Delaware. 

*^ All which is respectfully submitted. 

"JOSIAH WHITE, Acting Manager.'' 

Philadelphia^ 1st mo. 12/A, 1829. 

Extracts from the report qfthe Board of Managers of the Lehigh Coal 
and Navigation Company , for the year 1830, and the Meting Mana- 
ger's report: 

<< The length of our line of improvement is 46| miles, and. has bost, in- 
cluding the whole of the river improvement, from its commencement as a 
descending navigation, to its final completion, about jSl, 558,000; the dis- 
taoee being divided into 36} miles of canal, and 10 miles of pools, with a 
to# path throughout the line.'' 
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F$fom ike Jteiing Manager^s rq)Qri qf IS29. 

<< We have made some veiy satisfactory alterations in the railway, for the 
purpose of preirenting the early decay of the timber^ and ioltihg of the wa- 
gond. We now run the wagons at the average rarte of about six- miles an' 
hour, and find this motion produces much less wear, both of the wagons and 
road, than a greater velocity. I have demonstrated to my satisfaction, that 
the wear and tear of the road and wagons is in proportion to the motion; 
and that, in the end, a motion exceeding .twenty miles an hour (which we 
tried in the first months of our bualness) will make the transportation 00 
railroads more expensive than on our graded turnpike on whitsh the rails 
were laid.'* 

In addition to the information derived from the-published documents and 
reports of the Lehigh Coal and Navigation^ Company, it is deemed, proper 
to insert in this note the following essay in the Mauch Chunk Courier, frota 
the pen of the highly respectable superintendent dif that work^ sustaining 
the views of the comparative advantages of railroads and canaJs which his 
official duty had prompted him to communicate to those in whose service he 
has long been engaged; and whose confidence he is known to have po ssess 
ed, in an eminent degree. 

To the Editor qf the Mauch Chunk Courier, 

A friend handed me, a day or two since, the ** Paterson (N. J. ) Intelligent 
cer,^' dated 7th April, and caHed my attention to a long article, signed by 
' John I. Sullivan, civil engineer, wherein I am miside to appear the enemy of 
the public improvements now going on in our country. , It would be a poor 
compliment to human nature for me to change at this time of day, after 
twenty years^ personal devotion to works of a public nature, and twice jeo- 
pardising my whole estate in prompting those improvements, and now take 
a contrary course* 

We beean our railroad early in January, 1827, and finished in May fol- 
I lowing. Up to this time, we transported on it more than 100,000 tons. Its 
entire length is nine miles, single tracks; it^ branches at the ends and side* 
lings, four miles more. The elevation of the road, from the head of the. 
chute to the summit, is 767 feet, in a distance of eight miles, being an aver- 
age of ninety-six feet to the mile. We have not had a week's interraption, 
from casualty, since it was finished; so that it may be called a practicd|road 
from its completion. The first two months' use of the road, our wagons 
moved fifteen and twenty miles an hour, as the men who had charge of Uieir 
descent were anxious to get through the route as soon as possible, to avoid 
the fatigue of holding them in check by the breaks. We soon perceived 
our utter inability to keep the wagons repaired without reducing the speedi 
or be subject to cost and repairs greater than the g^ins made over the good 
turnpike we had abandoned ; besides, the tremulous motion occasioned by the 
wagons going at those rapid rates ground the corners of the coal in& pow* 
der, which enveloped the driver in a continual cloud of dust. 

Our railroad was new when we travelled at the hi^h speed, and, althoudi 
not so perfect as it might have been made^ I presume it was as evenly made . 
as those which are made more perfect in other respects, in the fik^t instance, 
would be, after one year's wear and tear from 100,000 tons per year going 
on them, at the rate of 15 or 20 miles an hour. Thirty years ago, .the rail* 
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roads in England, and, until very lately, had their flanges on the track of 
the road, or most of them in that way; and, as a consequence, were always 
liable to be covered with dust, dirt, &c. : ours is of the modern construction^ 
and we have adapted it to ride the horses down, so that they perform two 
ordinary days' work in each day. The only difference between our road and 
the most modern one in England, is, that their work is put together more 
evenly and stronger, to carry their locomotive engines, which weigh two 
or more times as much as passes on our road. Our road is graded so as to 
have such a continued descent from the summit down, as for the wagons tb 
descend on all parts of it by gravity. When they began to pursue this 
mode in England, I know not: ours was the first of the kind we had any 
knowledge of, and the English have not improved on it. 

I am too good a republican to fear responsibility when I see my way clear. 
I should suppose the men of science in England would be governed in their 
knowledge of facts, the same as in other places. It is but a thing of yester- 
day, they had any knowledge of wagons going at the rate of twenty to 
thirty miles an hour; and they had no experience to test the consequences; 
to get these motions has caused them unusual efforts. The case was differ- 
ent with us; we had a difficulty to go slow; and we thought we had explod- 
ed the economy of a rapid motion before the English began theirs. 1 be- 
lieve that if a railroad was made perfectly even, and could be kept so, that 
thf wear and tear would be very different from what is the every day's expe- 
rience. I am so unaccustomed to see perfect articles, that I sometimes doubt 
of their being such, and they are hardly to be expected on the track of long 
roads, exposed to all kinds of weather and casualties. I have never noticed 
a long bar of wrought or cast iron of an even degree of hardness, the whole 
length, on all its sides. 

I had an interest in a wire factory at the falls of Schuylkill, which made 
half a ton of wire per day — we cut the bars into from five to eight pieces, (and 
our iron was the best we could select,) and it was a very rare thing to find 
the bars so evenly tempered as to bear reducing this small quantity without 
breakipg, and, generally, in several places. 

With the utmost skill and experience of our mechanics, we do not find 
them to bore a steam engine cylinder perfect; the pistons all require pack- 
ing to prevent Ihe escape of steam. I never noticed a wheel cast perfectly 
true; we cast ours in, (turned,) but they do not come out perfectly correct; 
and if they were cast or turned true, it is as difficult to wedge them on per- 
fectly correct: so difficult is the attainment of perfection on this side the 
grave. With these difficulties before us, I will take it for granted the wheel 
of the cars is 1-1 6th of an inch out of truth, and that they are three feet in 
diameter: to go thirty miles an hour, would require them to revolve 278 
times per minute, and the wagon qnd load weighing four tons, is one ton to 
each wheel: each wheel of the car strikes the road with a weight of one ton 
273 times a minute, faster, I presume, than any man can count: besides this 
evil, the materials which compose the heaviest item of expense are of a per- % 
ishable nature, whether used or not, and wear and tear proportioned to use. 
These are some of the reasons why I believe a road will not be made perfect; 
and, if so made, will not last interminably long, like the materials in a 
canal. 

I am asked, if I could, on my experience, check the «pirit of inves- 
tigation and enterprise tiiat is abroad in the country ? 1 answer cer- 
tainly not the former, but^ as to the latter, I thiuk it oiil^ "^^^^iSsa^fo ^'^'^\k ' 

30 
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governed by prudence^ and then only it is invaluable. I reeollect very 
well when the coal trade, and even the making inland navigation in our 
country was in disgrace in the eye of the public; but neither is so now. 
The public is now extra hot in the same degree as it was extra cold for- 
merly. The coal trade is now large, as well as respectable, in the opinion 
of the public; but there are no doubt ten times as many in the trade, as 
many canals and railroads talked of to transport coal to market, as there 
are markets for the article. Can this, then, be an enterprise wanting a spur? 
or what can the numerous canals and railroads contemplated be worth, if 
made? A canal has two advantages over a railroad, besides the economy 
of using. Their number of sites are known, and they are limited by wa- 
ter; and if they are made faster than the wants of the country, occasioned 
by a feverish state of the public mind, or by an error of judgment, they 
do not decay, whether used or not, except the loc7: gates, and wood work, 
of which, there is very little since hydraulic lime has been brought into use. 
I believe that a railroad can be made strong, solid, and true enough, to not 
only admit of a speed upon it of six miles an hour, but even sixty miles an 
hour, for a short tin^e; but I do not believe there will be economy in going 
more than six mile« an hour with heavy loacjs, unless it is with passengers, 
valuable goods, &c which will bear heavy tolls. Our company have no 
reason to dislike railroads — ours has undoubtedly saved S500,000 already; 
but, by our canal, we now go an equal distance at one-fourth the cx)st of the 
railroad. But a canal cannot be made to the mines, so we resort to the 
next best thing. 

J. L. Sullivan says, <Hhe Stockton and Darlington road is certainly 
kept in the best repair, and is the best constructed railroad now in operation 
in England. Cast rails have been tried, but malleable rails are principally 
used, and decidedly preferred by the proprietors.'^ 

This road has been made about five years, and, since that time^ they have 
condemned the old plan. But what, say they, of the best English road, in 
October last? The London Mechanics' Magazine, of Oct., 1829, page 141; 
has the succeeding observations: ^Hhe speed of the engines has been in- 
creased on the Darlington road, by substituting wheels of four feet diameter 
instead of three feet; but these, working on the plane bars, cannot be case- 
hardened, for fear they would turn round when they have a hard pull; con- 
sequently, they are made of soft iron, which, from the immense weight of 
the engine, wears them in grooves the width of the rail, and twists them 
sideways, which keeps men, incessantly on the line, setting them straight." 
So we find thirty years' experience is condemned; and all that we now 
have worthy of our notice, are the experiments of a few days or hours, 
and these are leading brother Jonathan by the nose. Thus much for the 
best railroad in England. But still, I allow they may make them stronger, 
although not so as to prevent those effects in a greater or less degree, if a 
speedy motion is resorted to, particularly with a locomotive engine, as the 
stress necessary to pull the load impinges through the wheels on the road, 
and thus the joints of the road are pulled together between the wheels of 
the engine and the cars, so as to keep up an incessant action in the rails. 
J. L. a. Rives us credit for constructing our railroad at )S1500 per mile; no 
one has the company's authority for this; our statement w^s j$d,050 a mile, 
aad most of it w^s laid on an old turnpike and single track. 
The Manchester and Liverpool railroad is not a fair comparison for other 
railroads; neither is the novelty engjine juslXy dl^d^ ^:i t. standard, by 
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which others are to be judged. The quantity of valuable merchandise 
passing between^ the two towns is said to be 1200 tons daily; and the passen- * 
gers only, it is supposed, will produce 8111,112, per year. The whole 
length of this road is but 32) miles. They can, therefore, afford to con- 
struct it in a manner approaching as nearly to perfection as possible. The 
Novelty has had but a limited trial; our last accounts made it amount to a 
period of about six hours. It would hardly be prudent to invest millions on 
a thing that was not as durable as Jonah's gourd. It may do well: it is a 
neat affair enough ; but it would be safer to wait a year or more before we 
pronounce it entitled to full faith, or consider it of such amazing utility, 
with no other data for our decision than the result of six hours' experiment- 
ing. Its boiler carries but 36 gallons of water, which is the main cause 
of its lightness. To produce the requisite steam, the evaporation must run 
rapidly from this 36 gallons of water; and if the supply pump does not corres- 
pond with the making of the steam for a few moments, a blow up is the in- 
evitable consequence. 

To compare railroads and canals by dollars and cents, as far as we have 
practice and experience for our guide, will, no doubt, be coming nearer the 
point the public desire to attain. And whether it is gratifying to some or 
not, we, I trust, will all find that economy in the use of the improvements 
resorted to, is the one thing needful, which the public at large is most in- 
terested in having accomplished. 

The annexed calculation is estimated from the cost, &c. of the Maueh« 
6hunk road. But that part of it only, from the summit of Mauch Chunk 
being eight miles, descending the entire distance, and the whole owned by a 
single company, (so that we are exempt from the interference of neighbors,) 
it is presumed can compare in its use with the minimum cost of a first 
rate railroad under the most favorable circumstances. 

Estimate of the repairinfc^ 8;c. of the perishable part of ifie railroad 

with double tracks. 

For one mile, 20 tons plate iron, cost for iron and laying down, 02,000; 
last, say 20 years ...... $10000 

Wood for rails and sills, 126,720 feet at $15 - Si, 900 80 
Carpenters' work say - - - 1,900 80 



^801 60 

83,801 60 last six years-s-6»633 66 
One man repairing road to each mile, 250 days - - 250 00 

Cost of repairing one mile per year ... - 898366 

If the transportation be 100,000 tCMis, it is, say o^e cent per mile; and 
the repairs increase with the increase of the use of the road. 

Wear and tear, or renewing of the railroad wagons, they lasting 4 years. 

42 wagons (load a boat) cost ..... 84,200 

7 mule wagons --..-. 350 

4,550 

Last four yeaf», is 819!^ 50' per year. 
225 days in the season, and 32 cwt each wagon going two trips a day^ is 
134 tons 8 ewt. a day, or 30,240 toitia a ^wit-v-WVl IK^—^^A^V^^^acw 
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Making daily repairs to wagons, three hands, 225 days -> 8 675 

Materials for repairs .---.. 1,350 

Annual cost of current repairs - • • - 2,*025 

S,025-> 9 milessst225-^ 30,240 tons is per ton a mile^ 74*100 of a cent. 
Total repair of ly^gons 1 16*100 cent per ton a mile. 

Cost of hands and animal power from the summit to the | end of the road, 
descending all the way: 

28 mules go two trips a day, and draw up 42 coal and 7 mule wagons (to 
carry down the mules) each trip, &c. going 32 miles a day^ the 42 wagons, 
eadi carry 32 cwt coal each trip. ToUl i 34 tons. 
28 mules at 33 cents a day, - • - $9 24 

4 drivers, 90 do - - - - 3 60 



12 84-^134= 10 cts. 
for 8 miles, or 1^ cents a ton a mile. 
This li cent a ton a mile is the neti costy without any contingencies; the 
cost last year was 17) cents for 8 miles, being, say 2 cents. The difference 
between the two was made up of the superintendent of the railroad, hands 
iflsisting to provide for the animals, lost time through the season, keeping 
animals in the winter, &c. making the whole cost, at a close estimate, 
4 16-100 cents a ton a mile, exclusive of interest account and grease. 

Canal estimates of transportation and repairs of canal. 

The boat carrying 75 tons makes a trip loaded, down to Easton, 46 miles, 
and returns empty in 4i days. 

3 men at 90 cents. 3s270 x4) dayss^l2 15 

2 horses and rope, 85 cts. aB=170x4i days= 7 65 

Boat, 70 cents a day, 4i days= 3 15 

............ 

(Boat cost 0700, and last 1,000 days) . 22 -^95 

$22 95-S-75 ton=s30 60-100-^46 milessra ton a mile 66i-100. 

Wear and tearo/thecanaL 

The lockage from Mauch Chunk to Bristol, in tide, is 524 feet, which, 
with 8 feet lifts, is 66 locks, distance 106 miles; 66 locks will require their 

fates renewed every 10 years, and the cost of a set of gates, say 
500 X 66=833,000-7-10 for their duration, is per year, 
23,300-s-106 miles, per mile, - - - - S31 13 

52 hands, 250 days, being 1 hand to 2 miles, repairing, (after 8 years' 

duration) is, a mile, ..^ - • . 125 00 



156 13 
100,000 tons-j-j8l56 13-100=:= 1} miles, or 15-100 a mile, which, added 
to 62^-100, makes the total cost of transportation by canal, including wear 
and tear of canal, 81i 100 cents a ton per mile, exclusive of interest 

Our present cost of transportation on our canal, in rough arks, is, per 
ton per mile, ...... i cent 

To which add the wear and tear of canal, as above, do do 15-100 

Total cost, atpresenty per mile, pet ton, ^ - - 1 IS-lOO 
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Hence, it appears that our canal, used in the ordinary way^ will cost less 
than one-fourth of a first rate railroad. 

It may be observed, that I have not noticed the cost of lock gate keepers; 
this was omitted, because the water power passing from one level, to the 
other to keep them up, will produce a revenue greater than their pay. 

There are two items, not heretofore taken in account, that will lessen tlie 
cost of transportation on the canal, where there is plenty of water as in the 
Lehigh and Delaware, viz. one is, that, as the freight is mostly dowu" 
wards J half the pow^i* may be saved by letting a current pass down the 
canal; the other is, that, by using propellers^ and having two locks at each 
lift, one for ascending and the other descending, we can save all the animal 
power by substituting water power, and one-third of the hands; thus re- 
ducing the cost of transportation about one^half. Our railroad friends must 
allow us to avail ourselves of improvements in canals, if they take that course 
in railroads. But, in making my estimates, T have endeavored to consider 
what expenses have occurred^ rather than what may occur; for many of our 
supposed improvements oft times prove injurious, rather than beneficial^ to 
those who have been at the trouble and expense of making them. 

JOSIAH WHITE. 

5th mo. 20, 1830. 

The following are extracts from letters of Mr. White, to a distant corres- 
pondent: 

'^Mauch CHirMK, 3d mo. 5tft, 1830. 

<< Railroads are a great improvement on turnpikes; but, in my opinion, 
are vastly inferior f particularly as a public work, and in a republican coun- 
try) to canals, both as to convenience as well as economy. A canal is ac- 
cessible every where, a railroad nowhere, (without interrupting the current 
of wagons,) except by an arrangement for turning out; and the more turn 
outs are made, the greater the casualties. By canal, every boatman may 
choose his own motion, within the maximum motion; by railroad, every 
traveller must have the same motion, or be subject to turn outs; which, as 
I have said, have their casualties. The motion of twenty and thirty miles 
an hour on railroads will be fatal to wagons, road, and loading, as well as 
human life. 

<< We have a distance of eight miles from the mines, with a descent of 
seventy to^one hundred and twelve feet in a mile. The velocity of the 
wagons would exceed thirty miles an hour, if not checked. Our first two 
months' use of the road was fifteen and twenty miles an hour, which would 
have soon ruined both rgad aud wagons, . and, I am persuaded, was then 
dearer than the turnpike we put our rails on. 

<< Our present motion, say of six miles an hour, is very satisfactory: and 
makes the railroad an immensely valuable a[>pendage to our coal business- 
Wet or dry, we go on it; moist and wet weather, which ruins turnpikes, 
makes the wagons run freer on the railroad; snow, however, is an impedi* 
ment. Our wagons will not run down from the mines, by gravity, in a 
snow storm; the snow packs on the road. In such weather, as well as in 
sleety weather, we cannot use the break, as it slips too freely to produce the 
neceswary friction to check the wagons. * 

<<I think it rather fortunate for society, that railroads are hot of equal 
value to canals, for a railroad can be taken anywhere; and, consequently^ 
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no improvements would be safe on their line: for the moment the improve- 
ment succeeded, it would be rivaled, so as to destroy both, &c., whereas 
we know the line and limits of our canals, by the supply of water, and gra- 
duation of the ground; so that all improvements thereon are safe against the 
undermining of rivals. I should consider, that, if the railroads superseded 
canals, they would, for the above reasons, render the tenure or value of pro- 
perty as insecure as it would be if without the protection of law.'* 

"Mauch Chunk. 3d mo. 25th, 1830. 

" Thee, no doubt, has observed the last accounts of the <* Novelty'' loco- 
motive engine on the Manchester and Liverpool railway, stating that the 
fuel (at ten shillings sterling a ton for coke) costs but thirty-seven shillings 
sterling to carry a ton of goods round the world; and that the owners bffer 
to make engines to weigh five tons, and draw one hundred tons, that shall 
not consume more than about one-third of a mill, our money, a ton a mile. 
This, no doubt, will be received as a well settled experiment in favor of 
railroads, and against canals. 

^^ I suggest, if this engine is of the superior order represented, that it is 
equally adapted to canals^ by having a less power, and proportioning it 
to the load it has to draw. Our canal can carry boats of one hundred, and 
forty and one hundred and fifty tons. Our State canals generally carry boats 
of seventy-five tons. This power can be applied as advantageously on the 
canals as on the railroads, by having light rails on one or both sides of the 
canal for the wheels, which drive or draw the boat to run on, and keeping 
the engine on the boat: by which means, the engine will, no doubt, be 
made to last three times as long as if on a railroad, from the incessant jarring 
of the latter. Thee will perceive, by the tables in the books on the subject 
of railroads, that, at two nncj a half miles an hour, the efiect from the same 
weight is 55,500 pounds by canal, and 14,400 pound by a level railway; so 
that the same engine would propel three and a half times as much on a 
canal as on a railroad, and, of course, save two-thirds the fuel, and the same 
proportion nearly of the power of the engine, in addition to its increased 
durability. 

" With regard to engines on railroad's, moving with equal weight with 
indefinite velocity, it is proved by us, and on the Liverpool railway, to be 
afalse theory; the motion invariably was reduced by adding to the weight 
to be pulled; and the Wear and tear, no doubt, is as the velocity, the weights 
being equal." 



It is not deemed improper here to insert the*opinion of the oldest and 
most eminent civil engineer in the United States of America, who has serv- 
ed more than fifteen years in the best school for all practical science, that of 

exoerience. 

* 

Extract from a letter of Benjamin Wright j of New York^ dated October 
31, 1831, in reply to a letter addressed to him by the President of the. 
Chesapeake and Ohio Canal Company. 

<< The Delaware and Hudson Canal Company own lOS miles of canal, on 
which there are 110 locks; and also 16 miles of railroad, on which there are 5 
stegm power stationary engines to draw up coal 800 feet, and 3 self-acting 
pUoes to let down coal about 700 feet. 
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^^ The board of directors were not; satisfied that all these works^ in min* 
ing coaly in transporting over the railroad, and along their canal, were ma- 
naged with that rigi4 and strict economy which the competition in the ar- 
tide made useful and necessary for the interest of the company, and they 
appointed myself and one other gentleman to go through all their work, and 
examine into everv expenditure; of what had been, as well as what, in our 
opinion, ought to oe done, to economize in mining the coal, in transporting 
over the (ailroad and along the canal, to tide water. We had full powers 
to call on every man in their employ, and examine into every expenditure, 
in all its details, so as to report what would, in the present state of things, 
when the railroad and canal were both in good order, be a fair and proper 
charge on the coal. 

** We spent 20 days in this duly, and made our report to the board of 
directors. We found that the expense on the railroad, not including any 
toll, would be about 3i to 3 J cents per ton per mile; and, on the canal, with- 
out toll, one cent to one cent and two mills per ton per mile. We took greajt 
pains to get every information on all points having the least possible bearing, 
and I have no doubt the comparison is a fair one for this canal and this 
railroad. Perhaps railroad advocates may say that this is not a fair sample 
of railroad to compare with. In so far as it is loaded with 5 steam engines, 
as stationary power, to draw up coal, and 3 self-acting planes to let down, 
it has an extra charge upon it; but then the great number of locks on the 
canal causes detention and increases expenses. As the result came out so . 
nearly like Josiah White's statement on the Mauch Chunk canal and rail- 
road, as published in the Intelligencer some two years ago, and proved the 
correctness of that statement, and as their railroad was not subject to station- 
ary power," I consider the comparison a fair one on the whole..'* 



Letter from the same to the samej of subsequent date. 

Nbw Yobe, December 17, 1831. 

Dear Sir: Ypu ask me my opinion of the comparative advantages of ca- 
nals and railroads as applied to the Potomac valley, and the great plan of a 
connection between the eastern and western waters? 

I'his question presents a great field for argument, and no doubt much may 
he said on both sides. I will, however, give you my own views as applied 
to the locality in question. 

I am decidedly in favor of a canal in preference to a railroad, and more 
particularly for that part between tide wafer and Cumberland, and between 
Pittsburg and the mouth of Ctsselman's river. As to the intermediate space, 
a question might arise whether the great amount of lockage, and the long 
tunnel, would, atpresenty justify tl:^ expense of a canal in preference to a 
railroad. Time, and the probable prosperity of the country, when a dense 
population should cover it, along the line and beyond it, would probably 
justify a continuous water communication over and through the mountains, 
in half a century or less. 

These are the outlines of the results of my own mind as applied to this 
case. • . 

I am probably, at this time, in a minority in the United States as to 
my opinions of the comparative advantages of canals and railroads. I 
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have very little doubt I shall be in the majority before two years more are 
expired. 

The public mind does not, in my opiAion^ take all circumstances and bear- 
ings into consideration, when they undertake to give opinions. They hear 
of the Manchester and Liverpool railroad, and of the great effects and re- 
sult produced on it, but they do not know the whole of the expenditure as 
well as the whole receipts. In this case, as well as on the Baltimore railroad , 
we are kept in the dark about wear and tear, and shall be for some time to 
come. 

I admit that, for passengers, a railroad is a useful and rapid conveyance; 
but, in our country, and particularly in the Potomac valley, the passengers 
are a small matter compared with the products of the soil; the forests and 
mines. We knpw that the Erie canal has more tonnage, in lumber, than all 
other tonnage on it, and, for the article of square timber alone, this year, the 
rafts of it, which have passed, (being rafted only 14 feet wide, so as (o pass 
locks) would, if put together, stretch 50 miles. This is an article of first 
necessity, and could not come as cheap, if at all, on a railroad as on a canal. 
I may add boards, also, which are brought in boats much better than on rail- 
road wagons. 

* But the great advantage a canal will always have over a railroad consists 
iQ the little mind or thoueht that is required to use it Any man or boy 
can navigate a canal, but it requires much more mechanical skill to manage 
on a railroad even by horse power, and many times as much more to man- 
age a locomotive. I consider a long line of railroad, where the power is of- 
ten changed, as it must necessarily be, in passing frpm Baltimore over the 
mountains, as a very complicated machine; as liable to have its. parts get out 
of order, at a distance from any work shop, where repairs can be made; and 
as being odious in this country, as a monopoly of the carrying, which it ne- 
cessarily must be. A canal, on the contrary, is open to any man who builds 
a boat, and he may travel or stop, when and how he pleases, if he does not 
interrupt the passing of others. 

In short, I place a railroad between a good turnpike and a canal. I con- 
sider the expense of transportation, from the little experience I have had, to 
be about in the propoftion of three to one, between a canal and railroad, in 
favor of the former, without tolls on either. All these opinions are the con- 
clusions of my own mind, from critical examinations of works of both kinds, 
and all the light I have been able to obtain on the question. 1 could say 
much more, but I presume what is said above is suiBcient is answer to your 
question. 

With much esteem, I am, dear sir, your obdient servant, 

BENJ. WRIGHT. 

Gen. Merger. 



Lei fer from John Boliotij laie President of the Delaware and Hudson 
Canal Company^ to the Editor of the Savannah Georgian. 

New Yqrk, July 21, 1831. 

Dear Sir: I perceive that some of the papers are endeavoring to arouse 

the people of Georgia to a sense of the importance of artificial means of 

transportation between the interior of the State and the coast. Both inter- 

est and good will induce me to wish them success, and, were I a young man, 
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I should like much to take a part in estecuting any work that should have 
a favorable bearing on Savannah. A 9ix years' experience in the construc- 
tion and operations of the works of the Delaware and Hudson Company 
would give me some advantages; but, as it is, I can only offer my good 
Wishes and any useful information that may be in lay power. From the 
articles I have seen, I perceive, with some regret, that they entirely overlook 
the great natural advantages that Georgia has over most of the States in the 
eonstruction of canals, and recommend railroads; which are the only re- 
source of those who do not possess facilities for canals, and who, conse- 
quently, endeavor to make the public believe that they are superior to ca- 
nals. In this they have succeeded to some extent for the piresent; but, hav- 
ing some experience of both, I am not among the converts to this new sys- 
tem. I give it a place between turnpike roads mid canals, and feel a confi- 
dence that time will confirm this order; and this only in cases where the 
amount of transportation will justify the expense of a railroad. 

In a late report to the proprietors of the Liverpool and Manchester rail- 
road, it is stated that they had reduced the expense of transportation from 
I5s. per toii by canal, to 10^. by railroad, for 32 miles. This reduced rate, 
at 7 pet cent, exchange, is 22 37) per ton. On the Erie canal and Dela- 
ware and Hudson canal, the highest rate on merchandise, including toll, 
freight, and receiving and forwarding, is 5 cents per ton per mile, $1 60 
for 32 miles; on flour, and on other articles of small value, it is still less. FloUr 
does not exceed, for long distances, 3 cents per ton per mile, making only 
96 cents for 32 miles. On the Delaware and Hudson canal, a boat carrying 
30 tons costs jNOO; 5 per cent, per annum, will keep hcr in repair. It re- 
quires 12 wagons to carry the same weight on the railroad, cost jlS 1,400, and 
the repairs will probably be from 15 to 20 per cent, ^he annual repairs of 
the canal cost about S!l400 per mile; the railroad about Si, 500 per mile. The 
canal is getting better every year, the railroad worse. The railroad of the 
Delaware and Hudson Canal Company passes over a rough uneven country, 
and has eight inclined planes. The wear of machinery and ropes, on these 
planjs, is very expensive, and bears a greater proportion to the length of line 
that would be found in Georgia below the mountains. I have, however, no 
doubt that the annual expense of railroads will be found to be greater than is 
generally estimated. 

The greatest advantage claimed, by the advocates of railroads, over canals, 
is in the rapidity of travel; and the Liverpool and Manchester railroad fur- 
nishes the grounds for thi^ claim, as the results of the Erie canal have fur- 
nished data on which to found similar projects; and both are equally exposed 
to disappointment. The Liverpool and Manchester road has cost jSl 18,000 
per mile, whilst, in this country, we estimate our railroads to cost from 5 
to 812,000, and nothing is now better ascertained than that strength and firm- 
ness must be in proportion to velocity of movement; and that, to avoid the 
expense and delay of inclined planes, hills must be cut down and valleys 
filled up. These requisites cannot be attained without great expense, ex- 
cept in locations peculiarly favorable, but strength and firmness are indis- 
pensable in any location. Besides, there is one advantage claimed in favor 
of railroads in this quarter, which is not applicable to the South. The wa- 
ters diminish here at the period of greatest business: the reverse is the case 
at the South. Here also canals are shut by ice in winter, and then.it is be- 
lieved railroads will continue to be used, but, from my experience, the ex- 
pense and difficulties will be found to be much enhanced; and where inclin- 

31 
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ed planes are used, so much so, as to forbid their use upon a calculation of 
profit. I write from no other motive than good will towards my fellow- 
citizens of Georgia. I wish them prosperityi and should therefore regret to 
see them carried away by the fashion or mania of the day. 

The above letter appeared in the Savannah Georgian of the 25th of Ao- 
gnst last. Its author is John Bolton, esq. of New York, late President of 
the Hudson and Delaware Canal Company. The letter, as the paper oh- 
serves from which it is copied, contains lessons of practical knowledge 
worth a thousand of the wild theories of untried experiment. 



Extract of a Utter from John Bolton^ Esq. of New York^ late Prat- 
dent of the Hudson and Delaware Canal Company ^ to the President 
of the Chesapeake and Ohio Canal Company j dated New Yorkj Dee* 
17, 1S31. 

'^Having resigned my station in the Delaware and Hudson Canal Com- 
pany early in Aprir last, the document to which you refer is not accessible 
to me. I can, however, repeat on the subject, what I stated to Mr. Haber* 
sham, that the Delaware and Hudson canal is 108 miles, the railroad 16 
miles; that the toll^ on coal, on the canal, was revised, I think, in January 
last, and fixed at 21 50 per ton for*the whole distance, and on the railroac^ 
at 50 cents per ton; that the expense of repairs and superintendence on the 
canal was estimated, for 1831, at about S400 per mile; and on the railroad 
at rather more than £1,500 per mile; that the railroad has 8 inclined planes, 
5 worked by steam engines, and three by gravity; and the canal has 110 lift 
locks, and 3 guard locks, used also as lift locks in high water; and that the 
form of country ai1t| obstacles to be overcome on the line of railroad are not 
more unfavorable for a railroad, than the canal line was for a canal; thati 
section of canal on the. Delaware river, of 1 mile and 8 chains, cost full 
S40,000, and there are several shorter sections proportionably expensive. 
For the rest, I must beg to refer you to jny second letter to Mr. Habersham. 
I may^ however, add, that I corrected, on more recent information, the error 
in my first letter as to the cost of the Liverpool and Manchester railroad: 
I think I made it out to be £149,000 per mile. I have no specific informa- 
tion of late date in relation to railroads in England, nor have I seen lately 
any quotations of the value of canal and railroad stocks in England. There 
is, however, no doubt on my mind that railroads in England are getting the 
station which I long since assigned them, that is, between turnpike roads 
and canals. Gentlemen from that country say they are less popular thao 
they have been; that, in fact, the mania is wearing ofi*by reason of the great 
expense of maintaining them, and the machinery used on them; and it was 
recently stated that a project got up in Birmingham, had, by a resolution of 
the eontributors, been suspended for six months, for the purpose of seeing 
the results of those then i^ operation.** 



J* 



Extract from the last annual report of the Pennsylvania Canal Com- 
missioners, to the Legislature of that State, dated December, 1831. 

<< The board have, in like manner, been frustrated in their calculations, 

by some of the contractors for laying rails abandoning their contracts. The 

difficulty of procuring stone blocks of a suitable quality has proved to be 

much more serious than was at first anticipated, and the consequence has 



[ Doc. No. lOI. ] 343 

been a retarding of the work, and an increase of its cost over former esti- 
mates. The present estimate of the cost of the whole work, when complet- 
ed, is jS3,297,120 21, being equal to j;28,17d 63 per mile. 

''The work is constructing upon the principles of the latest improvements 
in railroads, and in the most substantial manner; and, although the cost of 
it may appear to be large, yet, when the quality of the work, and the sum 
required to construct similar works elsewhere, are duly considered, it is, 
perhaps, as reasonable as ought to be expected. 

'<The graduation and masonry alone, of the first twelve miles of the Bal- 
timore and Ohio railroad, cost $46,354 56 per mile; and th^t whole road, 
now under contract, (being 71 miles upon the main stem of the road with 
double tracks^ and a branch of 3) miles to Frederick with a single tracks 
one-third of the whole road to be laid with stone rails, and the remaining 
two-thirds with wood,) is estimated to cost $1, 906,853, or 827,228 per mile. 
The company, in their late report, state ''that it required 6i months to lay 
down 6 miles of stone track,'' and << that the cost of laying with stone has 
been underrated in every instance." The celebrated Liverpool and Man- 
chester railroad, in England, which has been the principal cause of creating 
in excitement in public opinion favorable to tha*t species of improvement, 
sost the enormous sum of 117,000 dollars per mile. 

** While the board avow themselves favorable to railroads where it is im« 
practicable to construct canals, or under some peculiar circumstances, yet 
thej' cannot forbear expressing their opinion, that the advocates of railroacts, 

Snerally, have greatly overrated their comparative value. To counteract 
e wild speculations of visionary men, and to allay the honest fears and 
prejudices of many of our citizens, who have been induced to believe that 
rtilroads are better than canals, and, consequently, that, for the last aix 
years, the efforts of our State to achieve a mighty improvement, have been mis- 
directed, the canal commissioners deem it to be their duty to advert to a few 
bets which will exhibit the comparative value of the two modes of improve- 
ment for the purpose of carrying heavy articles cheaply to market, in a dis- 
tinct point of view. 

<' Flour is now carried, by the canal, to Philadelphia, from Lewistown, 21 1 
miles, for 62i cents, and from Harrisburg, 150 miles, for 40 cents a barrel; 
and gypsum is taken back, for three dollars a ton, to Harrisburgh, and five 
dolbrs a ton, to Lewistown; therefore the freight (exclusive of tolls) is, down- 
ivards, 14} mills per ton per mile, and, returning, 7 mills per ton per mile; 
Or, on an average both ways, one cent and three-fourths of a mill per ton per 
t&ile for carriage. 

<< On nine miles of railroad at Mauch Chunk, and on ten miles of railroad 
between Tuscarora and Port Carbon, the carriage of coal costs 4 cents, and 
Lhe toll on the latter road is a cent and a half per ton per mile. 

**The comparison will then stand thus: 
On ten miles of railroad between Tuscarora and Port Carbon: 

Freight per ton, ... 40 cents. 

Toll on coal per ton, - - 15 

— 55 cents. 
On ten miles of the Pennsylvania canal: 

Freight per ton, ... 104 

Toll on coa] at half a cent per ton per mile, 5 

151 

39i 
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<< Being 39i cents difference in favor of tifie State canal, on each ton, for y^ 
every ten miles of transportation. L 

" The following table will exhibit the relative useful effects of horsepower ^^ 
when employed on common roads, on turnpike roads, on railroads, andoo .^ 
canals. I 

ill 



Four horses will draw, in addition to the weight 
of the carriage or boats containing the load. 



On a common road, in a wagon. 

On a turnpike road not exceeding five degrees of 

inclination, in a wagon, , • - 

On a railroad having a rise and fall of 30 feet (or 

one-third of a degree) to the mile, in 8 cars. 
On the Pennsylvania canal, in two boats, 



Weight of 

freight 
transported. 



Numbtfof 
miles per 
day. 




12 Miles. 












** The introduction of locomotive engines, and Winans* cars, upon rail- 
roads, where they can bg iised to advantage, will diminish the difference be- 
tween canals and railroads in the expense of transportation. But the board 
believe that, notwithstanding all the improvements which have been made 
in railroads and locomotives, it will be found that canals are, from two to two 
srtid a half times better tnan railroads, for the purposes required of them by 
Pennsylvania. 

<<The board have been thus explicit, with a view to vindicate the sound 
policy of the commonwealth in the construction of her canals; yet they 
again repent that their remarks flow from no hostility to railroads, for, next 
to canals, they are the best means that have been devised to cheapen trans- 
portation. . They are valuable in many situations, and particularly along 
courses of great thoroughfare, which will bear the expensed of their con- 
struction. They can be made to carry the United States' mails and passen- 
gers, and also light valuable goods, where time is of more importance than 
cost of transportation. '' 

^^ Alleghany Portage Railroad. — The length of railroad, from the east 
end of the lower basin at Hollidaysburg. to the west end of the basin at 
Johnstown, is 36 miles and 221 perches; but, between the head of the basin 
at Johnstown, and the upper basin at Hollidaysburg, the distance is only 35 > 
miles and 310 perches.'' 

<< A space one hundred and twenty feet wide, has been staked out and ap- 
propriated to the use of the commonwealth the entire length of the railroad. 
The reasons which governed the board in occupying so much ground, are 
these: It was necessary to clear off the tall heavy timber of the mountain, 
for at least 60 feet on each side of the centre of the road, and hereafter the 
incalculable trade of the Mississippi basin and the lakes, will require an ad- 
ditional number of tracks over the mountain; hence, prudence seemed to 
dictate the propriety of appropriating to the use of the State, as much ground, 
as may hereafter be required, while it is at present of very little value." 

•< The bed of the road is graded 25 feet wide, for a double set of tracks." 

"The railroad when completed, with a double set of tracks of stone and 

iron, with the necessary machinery, the whole executed in the best manner, 

is at present estimated to cost $1,271,718 IS. The amount of work done 

on the 1st day of November was 875,195 96, of which $63,984 84 has 

been paid, md $11,211 12 is retained." 

It may be proper here to TemtLt^, vVv^ V\v^ ^«>«\.iA >!cw<^>K^tk Y^t to be 
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done has been estimated at the contract prices, with a liberal per centage 
Ijided to cover contingencies; and, although estimates have hitherto proved 
fiitile else than their own fallacy, yet the board believe the above ijs ample, 
ipd may be relied upon.'' 

The Pennsylvania Canal Commissioners, after saying in their report of 
tb.e estimates with which they had hitherto been furnished, that << they have 
mroved little else than their own fallacyy^ speak of the Columbia and 
jPhiladelphia railroad, as having had work done on it of the value of 231,000 
dollars; and acknowledged that, so far as the work has gone, it has co^t more 
than the estimates. The present estimate of the whole work, they state 
« to be $2,297,120 21, being equal to »28,173 63 per mile." 

Of the Alleghany Portage railroad, between the Juniatta and Conemaugh 
rivers, in length about 36 miles, upon which but 075,000 has been as yet 
laid out, they say, ^< that the bed of the road is graded 25 feet wide for a 
Rouble set of tracks;'' and that, <' when x^ompleted, with the necessary ma- 
chinery, it is at present estimated to cost $1,271,718 18," being about 
$35,325 per mile. 

In the sixteenth report of the Board of Public Works, to the General 
Apembly of Virginia, Mr. Crozet, the principal engineer of that common- 
wealth, in his report to the board, expresses himself as follows: 

^< From their acknowledged superiority in a great many instances in Eng- 
land, railways have obtained warm advocates in this country, though the 
cnpinion seems most generally to prevail that they are not applicable here* 
Without attempting to judge of what is expedient in other States, I am of 
opinion that;, at least in Virginia, railways could not be extensively intro- 
duced." 

The engineer then proceeds to consider the expediency of a railroad, as 
a substitute for the navigation of James river; and concludes (p. 491) with 
the following remarks in relation to a railroad across the mountains: 

^ The making of a railway across the mountains has been also mentioned; 
but it would be attended with still greater practical difficulties. 

«In the first place, the mountains are so rugged and broken, that the only 
practicable way to carry this plan into execution would be to follow the 
Talley of some creek, which leads up to the top of the dividing ridge. But 
here all the difficulties presented in the valley of James river would be 
^greatly multiplied. The graduation of the road must be almost every where 
among cliffis; its windings would be more numerous and considerable; the 
deep cut would be enormously expensive, and the stationary engines and in- 
clined planes very frequent, &c. After Having, at an immense expense, 
established the foundation of the railway, blocks of stone must be obtained,, 
shaped, and transported into a complete wilderness, and put into their place. 
Then castings must be obtained from a foundry at the rate of at least one 
hundred and twelve dollars per ton, and transported an immense distance to 
this same wilderness, to form a railway perhaps one hundred miles in length, 
at the rate of nearly one hundred tons of iron per mile, exclusive of fixed 
steam engines and machinery* 

« In England, where facilities of all sorts are concentrated; where there 
exists an extensive practical knowledge of these things, the nice adjustment 
of railways may not be thought an object capable of havins: a material influ- 
ence on the expense; but, among the mountains of Virginia, far from foun- 
dries, rails wotud have to be procured of particular shapes to suit each of the 
numerous curves of the road, and counteract the centrifugal force of the 
wagons in the turns. 
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" What the expense of railways, made under circumstances so unfavora 
ble, would be, I am not prepared to say; but certain it is, that it would be 
immense^ and that the present state of things would not justify it" 

In a letter of this engineer, dated the 6th of August, 1831, to Benjamin 
Wright, who was associated with him in an examination and report on the 
best mode of improving the channel of intercourse along the valley of James 
river, he says, *« As regards the railroad plan, I have estimated it as about 
equal to the cost of (meaning, evidently, in cast to) a canal.'' 

The associate engineer, with more precision, says, in his letter to the 
Governor of Virginia, of the 7th of April, 1831 — 

<* I arrived in Richmond on the evening of the 23d July, in order to 
commence upon the execution of the duties as associate engineer. 

" I was a little disappointed in not finding the chief engineer at the seat 
of Government: the fault is, perhaps, partly chargeable to myself, in not 
adverting to the fact of the great extent of territory of the State; and that 
the duties of the chief engineer might call him to the extreme parts of it, 
and, therefore, a longer notice of my intention to visit here ought to have 
been given. 

* " In waiting the return of the chief engineer, 1 have (through the kind- 
ness of the Second Auditor,) employed my time usefully and oeneficially, 
in the examination of all the reports, plans, profiles, and estimates, &c, 
which have been made, from time to time, of the valley of James river 
and New river, and the intarmediate country, where a probable connexion, 
as contemplated by the act of April 7, 1S31, might be made. 

<< On the 3d of August, the chief engineer arrived in Richmond, and the 
next day we had a conference upon the proper course of duties to be pur- 
sued under the act of the State, and the appointment which brought me 
here. 

<< I took the liberty to address a note to him, a copy of which I enclose, 
as also his reply thereto. 

*' Your excellency will perceive, that the chief engineer has, by his for- 
mer official reports, at various times, expressed opinions upon the kind of 
improvement adapted to the James river valley, which opinions I could not 
expect he would controvert. Situated as I now am, I have pnly to makeup 
an opinion of my own, which I have done from the reports, estimates, plans, ^ 
and profiles, before referred to, and from a personal examination of the val; 
ley of James river, from a point above the JBIue Ridge, to Richmond^ for an 
improvement of this kind, in 1824. 

^^By the act of the Legislature above named, it appears there are three 
plans or kinds of improvement to be examined and estimated: . 
<< 1st Dams and locks — Moving power, supposed steam. 
" 2d. Canal — Continuous. 

<< 3d, Railroad from Richmond to Lynchburg, and supposed to be con* 
tinued westward to the proper point on the western waters. 

<< If the act contemplated an estimate of th§ whole of the several routes 
mentioned in it, from a personal survey made by us, all these duties could 
not be preformed in less than two or three years, in such manner as an en* 
gioeer would like to be responsible for. Believing as I do, that any further 
survey to enable me to make up an opinion of the kind of improvement whidi 
the State ought to adopt, are unnecessary, and that an approximation of the 
cost of executing such improvement can be as nearly determined at this 
timeg B8 IB useful or importaul \a petmW ^\e^\%\«N.\^^ body to act benefi- 
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cially for the StatCi I take the liberty to give that opinion^ which you can 
use as you think proper. 

1. Lock and Dam Navigation, with a moving powcb by steam tow- 
boats. 

<<I have careful examined the report and estimate of the chief engineer, 
for locks and dams in James river, from Maiden's Adventure to Covington. 

<< I am very sorry I cannot agree with him as to the cost of such a work. 
My own experience, and what 1 have seen of such works executed by others, 
applying the principles as far as they are applicable to the James river valley 
to Lynchburg, assure me that I cannot make such an improvement for 
double the money estimated. 

- << If such an improvement was made, there are strong objections to the 
moving power. It requires too much mechanical skill, and either the State 
or some wealthy individuals must become the carriers. 

2. Railboad. 

<'Ifa railroad should be adopted, it ought to start from Richmond instead 
of Maiden's Adventure; this would destroy all the use of the present canal. 

'< I do not believe a railroad, with two tracks, permanently constructed, 
and proper turn-outs and fixtures, can be constructed for so small a sum per 
mile as a good canal. 

«^It requires great mechanical skill, if the moving power is locomotive 
engines, and, without these, applying only horse power, it will be found that 
no great speed is gained, and it is certain that the expenses of transportation 
per mile will be much greater than on a canal. Property cannot be as safe 
0*om 9torms and depredations as in a good canal boat under lock and key* 

3. Continuous Canals. 

<< Of all the three pUns which have been directed by the act, so far as the 
valley of James river from Maiden's Adventure to Lynchburg, the best, in 
my opinion, is an independent canal, with such connexions with the river 
as can make it accommodate the south side. 

<<The simplicity of a canal, and its adaptation to the capacity of every 
man in the community, will certainly make transportion on it cheaper than 
any other mode. 

<< It is, without doubt, better suited to James river as far as Lynchburg, 
and, probably, taking into consideration what has been done at the Blue 
Ridge, it ought to be extended beyond that point Every man is his own 
carrier, if he chooses to be so: he moves as he pleases, and stops when he 
pleases, if he does not interrupt others, in a canal. 

<< The question arises, then, if a canal is to be made, what shall be the size 
of it? 

<<If the canal between Maiden's Adventure and Richmond can be so al« 
tered as to brins it to the size I would wish, (and I am inclined to the opi- 
nion that it can be so done, without very great expense,) I would then recom- 
mend that the canal from Maiden's Adventure to Lynchbui^, should be 
fifty feet surface, thirty feet bottom, with five feet depth of water in all its 
parts, where the excavation and embankments were good. At the heavy 
blufi'points of rocks, where it is expensive, I would reduee the width so as 
barely to permit two boats to pass each other. Where I had culverts of any 
considerable tfittj I would reduce the width to forty fe^l) «^ ^^\.^ tf^^ \»^ 
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feet of masonry. The aqueducts I would build of stonci if ffood stone 
couid be found, and cement is not too expensive. These I would have 19 
or 20 feet water way. 

<< The present locks are built 85 feet between the gates, and 15 feet wide. 
These are entirely too wide for the canal. I should prefer locks of the 
length of the present ones, but not more than 14} feet wide, or 15 leet at 
the extreme. 

<^ Such a canal can be built along the valley of James river^ from Venture 
falls to Lynchburg, under good management, for 18 to 20,000 dollars per 
mile, provided water cement can be procured at or near the Blue Ridge. 

<< It is proper that I should give a reason why I would enlarge the canal 
to the size I have mentioped, and give the banks a slope of 2 to ]. It is 
well known, by experience, that common earth is inclined to assume this 
shape when washed by water, and my experience leads me to believe, it is 
better to form the banks with this slope at first, than to supply the abrasion 
of the banks with new earth after they have washed down and assumed this 
shape. 

** Such banks, when raised above the natural earth, are stronger; they will 
sooner take vegetation and be protected from wash; or, if abraded, they are 
easier protected by a few small stones thrown along next the water surface. 

<^ Many persons who have not examined the question, suppose that a ca- 
nal increases in cost according to size: this is not the fact It will be found, 
that, for a canal of the size I h&ve mentioned, the additional expense of ex- 
cavation and embankment over a canal of the size of the New York canal, 
will not exceed from 6 to 8 per cent, and this item forms the whole addi- 
tional expense: the locks, aqueducts, and culvert<«, being the same upon the 
plan I propose. 

<' On comparing a cross section, it will be found that the one is 200 feet, 
the other is only 136 feet; and a boat loaded and moving at the rate of 3 
miles per hour, the power to move her will be nearly 20 per cent. less, in 
the large, than the smaller canal. 

^< Such a canal will permit boats 75 feet long, 14 feet wide, and drawing 
4 feet water, to carry 70 to 75 tons, if desired. My own opinion is, that 
the most profitable kind of boat will be found to carry about 50 tons. 

**I have been thus particular in my views of a great plan of improvement 
from Maiden's Adventure to Lynchburg, and probably the same ought to be 
continued above the Blue Ridge. 

<< From the point where a canal ought to stop, and a railroad commence, 
all the examinations are not quite complete: enough is known to show that 
there is a favorable place to pass the Alleghany, either with a railroad or 
canal. So far as I have examined the surveys made, the formidable diffi- 
culties appear to be on the New river: these may require examination to de- 
termine what kind of improvement ought to be adopted. 

<< The law of April 7, 1831, appears to require of the engineer to state 
the advantages and disadvantages, the commercial benefits, the probable 
revenue, &c. 

<< Any statement of this kind, from me, would not be entitled to a mo- 
ment's consideration. It is well known to all persons who have been con- 
versant with the. opening of canals in this country, that a new kind of trade 
is opened: articles which could never reach a market, by reason of the great 
expense of transportation before the canal was opened^ are brouf^t in great 
abundance afterwards. It is well known, that more than half the tonoaie 
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now paa^inff OQ the Erie canal, consists of property which would never hive 
be^Q moved at all, but for this easy andjAeap cpnvevancie. 

''This view of the question makes it^mpostible u>r any one to do'^moFe 
than conjecture the re9ult of a sreat work ot this kihd. 

''If it was thought proper, in constructing, a canal to Jtnake^ocks, aque* 
ducts, &C., of more temporary materials, the costs per. mile would be f^ 
duced, probably, 80 to SO per cent , tiut I cahnot recommend this plan for audi ' 
a. work, IB sadi' m place as the valley of James river, and for the State of 
Virginia.'* • . . ^ 

In a subsequent letter from the same to the same, dated August 9, 18^1, 
he says: 

" I have dtawn up a d^ort report, in which I have given opinions as to the 
various plans of improvement adapted to the valley of James river, and de- 
cided upon what I think best 

'^ I have not eone into long arguments to ^how why a canal is better adapt- 
ed to the peculiar location of this valley. The simple fact that it is that 
kind of machine which, in its use, is brought to the capacity and undeis 
iManding of every man in the community, is, in my mind, enough to decide 
the question. 

"As to the cost, I have fixed the maximum, under good manctgemenif 
and this will make a permanent, excellent work. If the' Legislature choose 
to make a less permanent wonk, oC course, the cost of it will be considerably 
less. / 

" I have not touched upon, or made any remarks, as to the improvement 
from a point on James river, to New river. A railroad will, no doubt, be . 
the improvement which opght to be adopted, and thesuryeys now going on 
will determine the best route, probably. 

"The public mind is now so unsettled in their opinions on the compara- 
tive advantages and disadvantages between railroads and canals, and cm- 
sidering that it will take some little time to have the good people of Virffi- 
nia satisfied, I have had doubts in my mind whether it would be useful for 
me tp fetam here a^in. I fear I can do but little, if any good, under the 
impreiiftions I now view the matter, and I presume you wul see it in the 
sama light I have explained myself fully to Captain Crozet and to the Se- 
cond Auditor. 

" I cflin only say that, if I can render sood service to Virginia, I would 
return in October, but my view of the wno|e ground is against i^ under a 
full belief that it woul4 be usdess. I regret that I could not have the plea- 
sure to see you. The situation of my private afiairs, which I adverted to in 
my former letter, make it very important for me to return to the north at 
•tBistime.'' • 

In two r^orta made to the Liverpool and Manchester Railroad Oompauy, 
by two eminent civil engineers, who were empowered, prior to making 
, their reports, to visit all the railroads in use in Enelitbd, for the collection 
of suitable materials to solve the inquiry propounded to them by the officers 
of that company, which was, by what means of transportation tneir railroad 
could be most effectually made to subserve its ends, the public convenience, 
and the profit of the stockholders^ it is distinctly stated to be their opinion, 
that the commerce and intercourse between Liverpool and Manchester are 
not competent to maintain the cost of the application of atoHonary steam 
engines to that great thorou^are; and that a.greater velocity, than of ten 
'32 
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miles an hour, ought not to be attempted by ihe locomotive engines, which 
thejr recommend as a less expens^ propelling power than the stationary. 
It was designed to incorporate, in%is note, copious extracts jfrom the reports 
of those engineers, which have, however, been mislaid* 

From an English work on railroads, of prior date, and by far the most 
Taluable now extant, that of Wood, ti^e following extracts mU show that, 
in 1825, the date of the publication o^ his treati^, the question was not re- 
garded to be settled as to the relative value of railroads and canals. ** Ca- 
nals,'' says this writer, << ever since their adoption, have undergone little or 
DO change; some trivial iniprovements may^have been effected in the man- 
ner of passing boats from one level to another, but, in their general economy, 
they may have been said to remain stationary* Their nature almost pro- 
hibits the application of mechanical power to advantage in the conveyance 
of ^oods upon them; and they have not, therefore,, partaken of the benefits 
which other arts have dei'ived from mechanical science. 

'< The reverse of this is the case with railroads; their nature admits of the 
•Iniost unrestricted application of mechanical power upon them, and their 
tttnity has been correspondingly increased. No wonder, then, that canals, 
which, atone time, were unquestionably superior to railroads in general 
economy, by remaining in a state of quiescence, should, at some period or 
Other, be surpassed by the latter, which b^s been daily and progressively 
improving; and perhaps that time is arrived.^ The human -mind is generally 
averse and slow in adapting itself to the 'changes of circumstances; and 
though from this cause the competition in. consequence might not have been 
so speedily brought into action, had not the present prosperity of the coun- 
try induced capitalists to seek out every source o( speculation, affording the 
least prospect of success. The natural course of events would, however, 
soon have developed the real situation of the two modes, in their respective 
relations to each other; and though the time might have been prolonged 
when railways were brought into active pompetition wiUi canals, yet its ar- 
rival would not be the less certain. 

** One might be led to suppose, that the question could readily be.f olved 
by an appe^to facts, or by the comparison of particular canals with similar 
railways; but it is here, I presume, where the difficulty lies; we cannot 
perhaps find canals and railways whose external features are precisely the 
same: we are obliged, therefore, to have recourse to a comparison of general 
facts or principles peculiar to each mode, which, again, cannot be accomplish- 
ed, unless we are fully and intimately acquainted with all the various pro- 
pwties and characteristics of each mode. The want of proper data was felt, 
and it is with a view of furnishing these, that the present work was under- 
taken; which, by a concise, and at the same time comprehensive description ' 
of the construction, uses and advantages of railroads, together with an elu- 
cidation of the various principles of their action, the reader might be ena- 
bled to make a comparison with other modes of internal communication, and 
thus form a judgment of their relative value. 

<<It is much to be regretted that a similar inquiry has not been made 
with respect to canals; the present state of commerce requires that eoods 
should be conveyed from place to place with the utmost rapidity, and per- 
haps we owe no small portion of mercantile prosperity to our facility irf* 
despatch. The slow, tardy, and uninterrupted transit by canal navigation 
miM^ therefore; of necessity yield to other modes affording a more rapid 






f Doc. No. IQl. J S61 

means of coidyeyancey (espeoially wheiA^eir relative economy isthesame,^ 
unless they can.be made to partake oruie generid activity, and additional 
celerity given to the boattf. conveyed upon thetn. Experiments, to ascertain 
the amount of resistance at different rates of speed, would be therefore 
highly valuable; and it is to be hoped that such will be made on a practical 
scale upon some of tKe canals, to show how far they are capable of affording 
a more speedy tKansit. 

<< The existiniz agitation of the public miod, respecting the relative utility 
of tailroads and eanals in the transit of goods from one place to another, 
renders it a subject of proper inquiry to ascertain the relative performailces 
of the different kinds of motive power upon those two species of internal 
communication. . . 

^<I shall, therefore, giyea bnef comparison, founded on the foregoing 
deductions of the different kinds of motive power upon railroads, with the 
performance of hprses by the present mode of oanal navigation. 

*^ Not having had an opportimity, from my own personal observationili 
of ascertaining, with sufficient accuracy, the weights which a horse will drac 
in a boat upon a canal, I shall be obliged to have recourse to thereports <^ 
those engineer whose practice in that line has enabled them to obtain the 
necessary data. 

<<Mr; R. Stevenson, of Edinburgh, in his report on the Edinburgh rail* 
way, in 1813^ states, < upon the canals of England, a boat of thirty tons' 
burden is generally tracked by one horse, and navigated by two men and a 
boy; on a level railway it may be concluded that a good horse, managed by 
a man or lad, will wdrk with eight tons; at this rate,' the work performed on 
a railway by one maii and a horse is more than in proportion of one-third of 
the work done upon the canal by three, persons and a horse;' and Mr. Ste- 
venson, in his calculations afterwards, assumes the pdwer of a horse, upon a 
good' railway, equal to ten tons. 

^^Mr. Sylvester, in his report on the Liverpool and Manchester railway 
gives twenty tons as the performance of a horse upon a canal, travelling at 
the rate of two miles an hour. 

<< The variation between the two statements may have arisen from the 
observations being made on canals of different widths. Mr. Stevenson, m 
another report, states^ that the striking difference between the draught of 
horses on coming out of a narrow canal into a more capacious one, induced 
the reporter to give the subject particular attention; and, by means of ex- * 
periments made with the dynamometer, so far as he had an (qiportunity of 
carrying the experiments into effect, the difference app>eared to be at least 
one-fifth in favor of the great oanal. 

*^ Under these circumstances, I shall take the performance of a horse 
equal to that of thirty tons ^upon a canal, which is the greatest I have seen 
assigned by any one, and we have previously found the energy of his power 
equal to ten tons upon a railway: which will make the relative perform- 
ances as 3 : 1. 

« I am not acquainted with any experiments, made on a practical scale, to 
ascertain the ratio of the increase of resistance, either with different weights, 
or with the same load moved at different velocities, upon a canal; but it is 
assumed by all writers on the subject, as a law of hydrodynamics, which 
appears unquestionable, that the resistance at least is proportionate to the 
square of the velocity. 
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''Takingtbesepreibiseflas suffic^ntlf established, the diagram III* will 
r^M«seQt theiresistances at difiereq|:Teloc,ibes; and the foUinidng table will 
•how the relative quanti^ Of work peHbrmed by horses dragging boats on 
CUnls, and carriages upon railroads. 
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"From this we find, that, when the rate of speed is about two miles an 
hour the quantity of goods which a horse will convey upon a canal is three 
times that which the same horse ean convey upon a railroad; and that when 
the velocity on each Is about 3) milea an hour, the resistance of the canal 
ioereasing as the square of the velocity, while that on a railroad remains the 
same, the two become equal; god a horse is thee enabled to drag afi> ntuch 
iraf^t upon a carriage on a railroad, as in a boat on a canal. When the 
velocityis further augmented, then the disproportion becomes greater, and a 
much heavier load can be conveyed on a railroad,' with the same intensi^ 
of motive power, than can he done on a canal. 

« If, therefore, the rate of tonnage on a canal, arising from the 6oot of 
farming and keeping it in a state of active use, together with the cost Of 
boats, be not greater than the tonnage required to form and keep a railroad 
in repair, and also the cvriages by which the goods are conveyed ;- thea the 
relative economy at different rates of speedy in the transit of goods upon 
canals and railroads* will be represented by column nine of the preceding 
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table. But as, in general, the formation of a canal costs about three times 
€is much as the formation of a railway, and the annual charges of keeping 
the boats, towing paths, and bridges, &c. in repair, is also considerable, u 
those expenses be as much greater with a canal than upon ^ railroad, so that 
they will compensate for the extra advantage of the canal in the greater 
quantiiy of ^oods conveyed at a slow rate, then their relative utility will 
assume a diflerent appearance, and the railway, as requiring a less investment 
of capital, and less annual charges, may be superior, even at the lowest and 
most advantageous rate of motion, upon canals; and, where facility or expe- 
dition is an object, then, at the more rapid rates of speed, the railway will be 
proportionably superior. ^ 

<< These, however, being matters of calculation, where every instance may 
present a different conclusion, and depending upon all the various concomi- 
tant circumstances incident to each particular . case, cannot, in a work like 
this, be made the subject of even eoryecture. I have endeavored to furnish 
all those AztA which appeared ge&eral, and which applied to the two modes 
in conjunction with each other, ina practical and general point of view. It 
must be left to those acquainted with all the circumstances of each particu- 
lar case, when they come into competition with each other, to judge, from 
the individual situations, which of the two is preferable, 

''When it becomes a subject of discussion, which of the two modes are 
to be adopted, it assumes rather a different shape, than when a railroad is to 
entet* into competition with a canal already formed. In the latter ease^ the 
canal proprietor commences unth considerable advantage by the addi" 
tional quantity of goods which a horse can drag at a shw pace upon a 
canal, where perhaps a little loss of time may be no object; the Qanal 
proprietor mzj, even with his great investnient qf capital, by reducitu; 
his rates of tonnage extremely lowj be enabled to compete succestftw^ 
with a railway. 

<< For, although a horse may, when travelling at the rate of four or six 
miles an hour, convey a greater quantity of goods upon a railway tl^ 
when employed in dragging goods at the same velocity upon a canal, yet 
still a horse cannot drag more goods at th^ rate of four miles an hour upon 
a railway, than he can at two miles an hour upon a can^l; for, in no case« 
does the greatest quantity of work that a horse can do, at the most benefi- 
cial pace on a canal, reach below three times that which a horse can 49 
at any pace upon a railroad. 

'*For the conveyance of passengers, or where the transit of any species of 
goods may require a celerity of four miles an hour, then railways become 
unquestionably more economical than canals; but %fthe question be the ab* 
stract performance, or quantity of goods to be transported from one place 
to another, without reference to speed, then the canals will at all times 
have a superiority over railroads, in point of quantity of work dope by 
a horse, in the proportion of 3 : 1. The comparatfve expense arising frpm 
the extra interest of capital, and the annual charges and n^aintenance of a 
canal, may reduce this proportionate performance near to an equality; or, 
if the one cpinpensate for the other, then perhaps the less investment of 
capital in a railroad, arid the greater certainty of transit, may make it supe- 
rior to a canal; b^t unless the disparity of cost is great between a railroad 
entering into competition with an existing Canal, or unless some extraordi- 
nary circumstances in the nature of the traftc occur, it may be difficult to 
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sajTy when horses are the motive power on each, whibh is superior.'' (Wood 
on Railroads.) 

The writer in England on the subject of railroad^, next in celebrity to 
Wpod| is Tredgold, a member of the institution of Civil Engineers, whose 
ttetise was republished in New York in 16^25. 

*<In discussing,'' he says, <Hhe merits of railroads, we have to compare 
them with turnpike roads and with canals. Railroads give the certainty of 
the turnpike road, with a saving of seven-eighths of the power; one horse 
on a railroad producing as much effect as eight horses on a turnpike road. 
In (he effect produced by a given power, the railrpad is about a mean be* 
tween the turnpike road and a canal, when the rate is about three miles an 
hour; but where greater speed of conveyance is desirable, the railroad 
equals the canal in effect, and even surpasses it" (Page 3, of the New 
Torkedi^on.} 

<^ When it is attempted to compare railroads with canals of common roads, 
it most be obvious that each mode has its peculiarities: the same tnay be 
said of each line of traffic." (Id. page 8.)7 

^'Both the first cost and the annual repairs of a canal exceed those of a 
railway; the excess differing according to the nature of the country. But 
in a country suited for a canal, the difference of first expense is more than 
ewnpensated by a greater effect produced by a given power on a canal 
than on a railway y provided the motion does not differ m^chfrom three, 
miles, an hour, and this renders a canal decidedly better for a level dis^ 
iriet. On account of the resistance increasing in the ratio of the squares of 
the velocities, when bodies move in fluids, and also on account qf the inju- 
ry the banks would suffer by- too rapid a movement of the water, the 
velocity of canal boats must be considered as limited to a speed not far ex- 
ceeding that which they obtain at present; but, on a railway, a greater velo- 
city may be obtained with less exertion, even where animal power is em* 
ployed." (Id. page 9.) 

<< The average cost of a proper railroad, with a double set of tracts, will 
not be less than j85,000 sterling (or 22,222 dollars) per mile, when all the 
expenses in our list are included, and the works are done in a good and 
suDstantial manner." (Id. p. 141.) 

The Liverpool and Manchester railroad, thirty-two miles long, is known 
certainly to have cost three times that sum,- and rumor makes it nearer six 
times. 

** From a list of estimates for no fewer than seventy -five canals, including 
those of the greatest and least expense, a writer in the Quarterly Review, 
No. 62, p. 363, draws a general average of dS7;946 (35,280 dollars) per 
mile; but it is well known that these works have rarely, if ever, been, ex- 
ecuted foi* the estimated expense." <<The Union canal cost JSIS, 000 
(52,280 dollars) per mile: the Forth and Clyde, ^12,400" (54,056 dollars.) 
(Id. p. 143.) 

<<The average cost of a canal may be estimated at J@10,000 per mile^" 
(44,444 dollars.) (Id. p. 143.) 

<< Smeaton informs us that twenty-two tons burden, at from two to two 
and ^ quarter miles per hour, is the work of a horse on a canaT. And Mr. 
9eavan has mformed us that the horses on the Grand Junction canal usually 
travel twenty^six miles per day, and draw a boat containing twenty-four 
tons at the rate of 2*45 miles per hour; the empty bpat being nearly nine 
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tons, , the whole mass mored is about thirty- three tons; and the arerage 
force of traction he found to be eighty pounds." (Id. p. 150.) 

• Table V. 

•5 Tf/i^LE showing the effects qf a power or force of traction of one 
hundred poundsy at different velocities^ on canalsy railroads^ and 
turnpike roads. 
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" Table V.— This table is to show the work that may be performed by 
the .same mechanical power, at different velocities, on canal, railroad, and 
turnpike roads. Ascending and descending by locks on canals may be 
considered equivalent to the ascent and descent of inclinations on railroads 
and turnpike roads. The load carried, added to the weight of the vessel or 
carriage which contains it, former the total mass moved; and the useful effect 
is the load. To find the effect on canals at different velocities, the effect of 
the given power at one velocity being known, it will be as 3' : 2.5^ :: 56f* 
500 : 38,542, The mass moved being very nearly inversely as the square 
of the velocity. 

<< This table shows, that when the velocity is five miles per hour, it re- 
quires less power to obtain the same effect on a railway than on a canal; and 
we have added the lower range of figures to show the velocity at which 
the effect on a canal is only equal to that on a turnpike road. By com* 
paring'the power and tonnage of steam vessels, it will be found that the rate 
of decrease of power by increase of velocity, is not very distant from the 
truth; but we know that in a narrow canal the resistance increases in a more 
rapid ratio than as the square of the velocity, only we have not time to 
spare to follow up the inquiry at this moment. Other tables of a similar 
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kind have been pablishedy and we find our column exhibiting the asrfirl 
effect on canala nearly agrees with tibat of Mr. M.,- the ingenious author of 
a series of essays on the subject, vriiich first appeared in me Scotsman; but 
we difier respecting railways, his being more iu faVor of railroads. Fro%i 
Mr. Sylvester's table this differs very considerably: he has underrated th^ 
effect on canals as much as he has overrated the effect jon railways and com- 
mon roads.'' \ 

It is proper to remark, that,f]:om Tredgold, as from other English trea- 
tises on railroads, passages may be extracted, less favorable, than the preced- 
ing, to the superiority of canals: but enough iis here quoted to^sho^the 
uncertainty which hung over the question, whether canals or railroads 
were to be preferred for the transportation of persons sfcid property. No 
two authors, scarcely, will be found to concur precisely in opinion on the 
nibject, nor the same author with himself. 

The knowledge possessed by the ifbundera of the Baltimore and Ohio rail* 
way of the superiority of railroads to canals^ was comprised in thcpam* 
^et detailing their proceedings, from which copious extracts have already 
inade part of note N. 

It is there introduced in the following language of the report of their 
comtnittee, beginning on the ith page of the proceedings: 

^'The stock of information upon the general subject of railroads, now in 
the possession of the committee, is admitted not to be very extensive, but 
they have gleaned from the several publications and reports which they have 
examined upon this intei^sting,subject, enough to leave no doubt upon their 
minds that these roads are far better adapted to our situation and circutia- 
stances than a canal across the mountains would be: they therefore recom- 
mend that measures be taken to construct a double railroad between the city 
of Baltimore and some suitable point on the Ohio river, by the most eligible 
and direct route, and tliat a charter to incorporate a companv to execute 
this work be obtained as early as possible; and, in support of this opinion, 
they submit the followiog views and statements.'' 

Among these statements, which are all from books and pamphlets in 
common circulation, are the following: • 

^< The proprietors of the few canals which do answer, will have the 

Seatest reason to complain," (that is, of tlie introduction of railroads;) << bnf 
ey must, of course, submit to any superior method of improving the con- 
yeyance or transport of merchandise, just as the common coasting traders 
will to the established steam vessels: with respect to those canals which do 
not answer, and those that never can, the sooner they are aboliidied, in toto, 
the better." (Gray, p, 66.) 

** The expense of forming railways is not only, far less^ than that of canals, 
but the former exhibit the peculiar advantage of a better conveyance than 
roads and canals conjointly afford at present. (Gray, p. 67.) 

" The mode of conveyance that most nearly assimilates to railways is 
canals^ but to them, the agency of steam cannot be available^ as they are 
limited to the size of their hadSf and, as regards utility, to. the speed of 
conveyance; for, to draw a load of forty or fifty tons, with double the speed 
that is now done, by one horse, could not be effected, on a common canalj 
by any power that can be applied." (Jessop in Gray, p. 103.) 

<< A railway can, according to circumstances, be made at from a half to a 
yburth of the expense of a canal, and convey goods more cheaply, which 
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would render them lacrative when any other mode wqi|M be ruinous.'' 
(IdeminY}ray/py 104.) 

; ** Railways may be constructed at one-fifth q/* the expense qf canals; 
.and, as it Mis been shown that they will convey aii' cheaply, where the pros- 
jMict of remuneration to the adventurer in one case is doubtful, the ksser 
4ajp6n^6 makes the other carton.'' (Gray.) ' , 

? ; WhethiDr these essayists merited all the confidejice reposed in them, ez- 
.^fierience has already determiuedi in the relative cost of a considerable 
jiprt of that very canal, denounced as affording toa tgrdyy eircuitotis^ and 
€sepensive a route to the Ohio, compared with v'j^e (^tual cost of a 
eorrespondent part of a. railroad from Baltimore towards 'the << Point of 
Kocks,"-T-a canal exceeding greatly, in dimensions, as well as in the diffi- 
dilty of its construction, any canal in England, and surpassed in breadth . 
by but one in Great Britain, compared with a railroad of two tracks only. 

At the moment of the publication of this pamphlet, it had been ascer- 

.tained that the railroad betweien Manchester and Liverpool, of two tracks, 

in length not thirty-two miles, and surmounting an elevation of less than 

-UO feet, would exceed in cost sixty thousand dollars a mile! Its actual cost 

' has surpassed, it is currently believed, the double of that sum. 

That the cost of the Ohio canals has not exceeded 11,000 dollars per mit6 
has already been noticed, as well as the computed cost of the Erie canal of 
New York, w^hich has, in fact, been less than 18,000 dollars the mile; its 
price was made to reach 23,000 dollars, by the addition of interest on loans, 
which have no relation to the contract prices of the works of a canal, and ' 
depend, for their necessity and their terms, on the wealth or credit of the 
'-borrower. 

The conclusion that permanent railroads, of several tracks, cannot be 
constructed at one-fifth of the expense of canals, may be farther confirmed 
by reference to the cost of the canals of Pennsylvania, New Jersey, and 
Connecticut. The eastern section of the Chesapeake and Ohio canal is ex- 
pected to cost from 25 to 30,000 dollars the niik; but a canal of such 
dimensions should be compared with no railway of less than foar tracks; 
and the rails, alone, of such a road, would probably cost more than that sum, 
exclusive of the graduation of the road. 

The greater part of the extracts from treatises on railroads, made by the 
Baltimore committee, (in 1827,) were, as we have seen, from a work entitled 
<< Gray's Observations on a General Iron lUilway," the fifth edition of 
which was published in 1825. . 

The following extracts from the very same work, show the importance 
of having pl*esented both sides of the question now made, between the ad- 
vantages of canals and railroads. 

*<In order," says Gray, in examining the same authority, "to establish 
a general iron railway, it will be necessary to lay down two or three rail- 
• ways for the ascendingy and an equal number for the deieending vehu 
cles.'^ (Page 12.) . 

<< In the immediate neighborhood of London, the trafiSc might demand 
six railways." (Page 12.) 

^ It is desirable to show the probable'expense of this scheme, but this de- 
pends almost entirely upon the state of thcp country through which it miy 
be found necessary to pass." ^ 

" Wagons laden with merchandise can never expect to proceed with the 
same velocity as coaches." (Page 12, 13.) 

38 
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<< By the second extract it will be seen, that the sums quoted, as the ex* me 
pense of railways, vary too much to be depended on." (Page 13.") :ikJ 

** Mechanic power, when once put to the test, by comparison on land anl L : 
water, will, no doubty prove more fayorable on the former, in ^roportiot k* 
as that element is jnare stable^ and not under the influence of toindSf ii(k$i ili 
or currents.^^ (Gray's Observations, &c.) . 1*^ 

And from the appendix to the above edition of this work, the following i|p 
passages merit attention: << On the whole^ then^ it may be concluded thity It 
on a level team-road, making allowance for the weight of the wagfon, oai "1 
horse will be required tqr every four tons of coal, or other articles convey^ t 
ed; and, on an edge railway, one horse will be required for every serai 1| 
tons. On an ordinary canal, one horse, with a boat, will be sufficient ftr ^- 
eighty tons. But the first cost of a canal is three or four times greater, than 
that of a railway; so that, in some cases, it may become a queatUm^ 
whether a railway might not4)e adopted with advantage." Page 178. 

*^The public in general entertain wrong impressions respecting railway^ 
they never hear them mentioned, without recurring to such as are seen it 
the neighborhood of coal pits and stone quarries. But such improvement* 
have taken place, that they are no longer the same thing; besides which, a 
railway, without a locomotive engine^ is something like a cart unihout a 
horee^ a trade without profit, or a canal without water, ^^ (P>g^ 1S4 and 
185.) .•- , 

" On a canal, a horse, travelling at two miles an hour, draws 30 tons, in 
a boat weighing probably 15 tons. Reducing the ton to 2,000 pounds, for 
the sake of round numbers, as in the last calculation, we find' here that a 
power of traction of 100 pounds moves a mass of 90,000 pounds, or the 
resistance which the water opposes to the motion of the vessel is equal to 
one nine-hundredth part of the load or entire weight. At sea, where the 
water is of unlimited breadth, the resistance probably is one-third less." 

"We see, then, that the effect produced by the draught of a single hotse 
is ten times as great upon a railway, and thirty times as great upon a caiAil, 
as upon a well made road; yet a railway costs only about three times 9^ 
much as a good turnpike road, and a canal about nine or ten times as much.'' 
<* With regard to the comparative advantages of canals and railways, so far 
as the present facts go^ we may observe, that, if a horse power eflfects 
three times as much upon a canal as upon a railway, the canal costs about 
three times as muchj and will of course require nearly the same rates or dues 
per ton to make the capital yield the same interest." (Pages 206 and 207.) 
*^ Railroads, as hitherto worked by horses, possess very little^ if any, adr 
vantage over canals; but railroads worked by the locomotive steam en- 
gine, have so decided a superiority, both as it regards time and expense, that 
there can be no question but they will be generally adopted wherever a new 
line of conveyance has become necessary, either fro7n an increased tradCf 
or from the exorbitant demands of canal proprietors.^^ (Page 185.) 

Here is the true secret of the imputed superiority of railroads tocanalsfin 
England: the former are designed to break down a very lucrative monopoly, 
which had, in some cases, when this author wrote, swelled the profit of cer- 
tain canals so high, that, on that of the Trent and Mersey, as he informs his 
readers, dS75 was the annual dividend'on a single share of dSl 00 original 
cost, which was selling in December, 1824, at d&2,300 advance on the jBIOO; 
yet this canal has three tunnels, one of 2,880 yards, and another of 1,241, 
In 22 mileS; and two aqueducts, of which^ that over the river Dove has 3S 
arch c a. 
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The appendix of the work, from which the above quotations are made, 
leaking of ano/A^ canal, that between Birmingham and Liverpool, avers, 
it^fO argument for breaking down, or dividing, by means of a railroad, its 
lig uncontested monopoly, that the original shares had risen from d6l40 
ning, to the sum of dg2,840; and adds: * < These facts on the increased value 
r this canal, which exceeds twenty times its original cost, prove, also, that 
III public transits might have been performed at much cheaper rates, and 
it the company pbtain an adequate remuneration." 

The tolls on the Chesapeake and Ohio canal are not ^9nly limited to two 
jilts per ton per mile, but the profit on any possible 'Smpunt of tonnage, to 
{If jDer cent, on the capital expended. The freight for carriage, left by 
ivr to be reduced by open competition on the public highway which the 
iiuil affords to every boatman who may please to use it, the experience of 
bft Lehigh navigation, demonstrates, on a smaller canal, will not exceed 
lie cent per ton per mile. 

The Baltimore and Ohio Railroad Company, on the other hand, are al- 
v^nA to char^ for toll and transportation, from west to east, four cents per 
Ml per mile, from east to west six cents; and their charter allows them to 
« tne exclusive carriers, with no other limitation to the extent of their fu- 
ore profit. 

The .exclusive advocates of railways insist that the resistance of water to 
he motion of a canal boat increases, at every addition to its speed, in the ra- 
30 of the square of its velocity. Be it so. A single horse can draw, in a 
XMit, on a canal, at the rate of two miles an hour, (the appendix to Gray af- 
Jrms, }>age 206,) 90,000 pounds; consequently, at four miles an hour, he 
mid draw but the one-fourth of that weight, or 25,000 pounds; but at one 
nile an hour^ he could draw 360,000 pounds; and at half a mile an hour, 
lie enormous weight of 1,440,000 pounds. Thus a single horse draws, on 
he large canal between Amsterdam and the Helder, a ship of several hvin« 
Ired tons. On the Champlain canal, a gentleman met a raft of timber so 
iqited, by a single plank,. with a pivot for each lockhold of the long raft, that 
me horse drew it, with facility, at the rate of a mile an hour. It was from 
he lake, and then on its way to Albany; its computed weight was 200 
oni^ and the horse had drawn it the entire length of the Champlain canaL 
NhaX. velocity, and how many railroad cars would be required to balance 
be economy ojf this transportationP Yet a full moiety of the revenue of 
he New York canals is derived from the productions of the forest, in their 
udest form. Would any contemplated speed of a carriage on a railway, 
vhich| at most, could but save the interest of a few days or hours on the 
ferj small capital vested in this vast moving mass of wood, countervail the 
:heapness of this slow voyage? 

One great advantage attending the canal on which it was drawn is, that 
iie swiftest packet boat, in meeting or overtaking such a raft, can pass it by, 
nrithout the least obstruction, or a moment's delay. On a canal 60 feet wide, 
iie tracks are never impeded by heavy carriages. 

The numerous English authorities in favor of the superiority of railroads, 
in a country where there are, as yet, very few railroads, and [there have 
long been more than one hundred canals, are contradicted, as we have seen, 
by American engineers, of at least equal merit, who, considering the very 
wide field which the United States present for both species of improvement, 
cannot be suspected of undue partiality for either. 

But the disproof of the arbitrary and most extraordinary assertion of these 
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British writers, that canals are attended, in their construction, with three, jn- 
and evenybt<r/tm€« the cost of railways,, does not rest on mere authority. 

The actual experience of both countries has now settled this question, pnH 
yided the cost of the only railroad in England, adapted to an active exchaags 
of commodities, or exceeding a few miles in length, be assumed, as the mai^ 
sore of the expense of such structures on that side of the Atlantic. T 

On turning to the numerous facts, developed by the past experience rf Lg 
both Europe and America, an impartial engineer will infer, amidst their L 
seeming contradicti^ng, some principles calculated to guide his judgment to ]^ 
a sound conclusion, af«> the original cost^ the annual repairs, and exptmt ^ 
cf carriage, of these Awo rival modes of internal improvement. Let tHeift « 
principles be then applied, so as to determine the relative cost of a canal ^ 
and railroad, over every description of ground. . ^ 

The most favorable ground, for any railroad, would^ obviously, be thit L 
which required no graduation or masonry; or which, in its natural stat^ i^ 
was ready to receive the rails. jj 

Supposing a double track of these to cost no more, when laid on atone ; 
sills, than the first thirteen miles of the Baltimore and Ohio railway, which |^ 
led to excellent granite quarries, it is obvious, that the cost of such a road, . 
over such ground, would be at least |»1 3,000, or, if the rails be laid on 
wood, not less than $10,000 per mile.* 

Assuming a surface of country, alike favorable for a canal, we have to 
look, for the elements of a just calculation of its cost, to its plan and dimensions. 

A canal of the dimensions and plan of the Erie canal of New York, of | 
the canals of Ohio, and of the canals, in general, of Pennsylvania, having a I 
breadth, at the surface, of 40 feet, at bottom of 28 feet, and four feet depth 
of water, with a tow path 9 feet, and a berm bank 5 feet wide, 'will require 
an excavation, in level ground, of 2^^^ feet cutting, in order to supply the 
necessary quantity of earth for its embankments. 

The cross section of the excavated prism of such a canal being 95^^^. square 
feet, the number of cubic yards of earth to be excavated in one mile of it, 
would be 95^^^ x 5280, the number of feet in a mile, divided by 27, the 
number of cubic fe^t in a cubic yard, or 18. 632y'A cubic yards.. 

If this canal be required to be enlarged to the dimensions recommended 
for the Chesapeake and Ohio canal by the United States' Board of Internal 
Improvement, in their report of October, 1826, that is, to 48 feet at the sur- 
face, 38 feet at bottom, with 5 feet depth of water, and embankments of the 
height or breadth of the former, its depth of cutting, in the same ground, 
will be the same as in tlie last case, or 2 ^y^ feet. The prism of earth to 
be excavated to form its embankments wilt have a cross section of 1 10 square 
feet, and will contain 20,770^^* yards. 

If this canal be extended to the size of that, 48 miles of which are already 
constructed in the valley of the Potomac, between Washington and the 
"Point of Rodks,*' that is, to a breadth, at the water line, of 60 feet, at bot- 
tom of 42 feet, with a towing path 12 feet, and a berm bank 8 feet broad at 
top, elevated two feet above the water, and having moderate slopes towards 
the bottom, then the necessary depth of cutting will be 3^'^^^ feet, the cross 
section of the excavated prism will be 157 feet, and the numbet of cubic 
yards to be excavated, 30,700^*/^. 

*In a late estimaJte for the extension of this road to theDisUj^t of Columbia, the cost of • 
double track of rsdls is computed at 15,000 dollars a mile, andWthe entire road near 50,000 
doUara a mile, for the distance of 29 miles, between the present nulroad and the Distriot Ikft 
(See ante.) 
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t The price of the excavation will depend on the quality of the earth. But that 
Jbeing supposed in this case to he such, as is ordinarily encountered, where nei- 
ilber hard pan, slate, nor rock is in the way, 9^V cents per cubic yard may be 
kpken for the measure of its excavation, that oeing found to be the average 
Ittte of such excavation, throughout the entire Chesapeake and Ohio canal^ 
Bir a distance of 48 miles. So that, if these three canals be charged with 
|l^e same price, per cubic yard, for their excavation, the narrow and shal- 
ImWf as the wide and deep, which, for the first and second would be a very 
unfavorable estimate, then the canal, 40 feet wide and 4 feet deep, would be 
completed for $1,845 the mile; the canal, 48 feet wide and 5 deep, for 
SS«066; and the largest, for $3,040 per mile. 

If these several sums be compared with the lowest estimated cost of a rail* 

way of tjvo tracks, laid on stone sills, the ratio of the cost of such a rail- 

joadf to that of the smallest of these three canals, is as 013,000 to $1,845 

JOT near 7 to 1; of the 2d, as iSl3,000 to $2,056, or near 6i to 1; and, of 

the largest, as $13,000 to jS3,040, or near 4i to 1. 

Such, therefore, is the proportional cost of the cheapest practicable canals, 
at the above dimensions, when compared with the cheapest practicable rail- 
road of two tracks, laid on stone sills, where stone is very convenient 

But it may be truly said, that it is very rarely, if ever, that a canal passes 
overground, as favorable, as that assumed above. To this, it may be as truly 
replied, that a railroad can as rarely be constructed, without any gradua« 
tkMi whatever of the surface of the earth, or any expense of masonry. Of 
the actual canal, along the Potomac valley, already constructed, the cheap- 
^.inile, a%i will be seen in the second table of the third annual report, con- 
^ ^ita of the 46th and 47th sections, on both of which there was paid an extra 

friee for the transportation of a part of the earth forming the embankments. 
his mile cost $4,064, or less than a third of the cost of the cheapest mile 
of two tracks, upon stone sills, of the Baltimore and Ohio railroad, allowing 
Qpthing whatever for its graduation or masonry. 

If this comparison, although founded on actual experience, be objected to^ 
on account, of its assuming, as its basis, the most favorable ground both for 
canals and railroads, then, let the most costly mile, on these two lines of 
communication, be compared; and, although the disparity will be by no 
means so great, the dearest mile of this large canal, consisting of its 17th 
and 18th sections, in which an ascent of 48 feet is overcome by six locks, 
costing about $10,000 each, will be found to have been less expensive, by 
35 per cent, than the mile composed of the 4th and 5th sections of the first 
division of the Baltimore and Ohio railroad, or the single mile a short dis- 
tance fo the west of the former, consisting of a part of the 8th and the 9tli 
seqCions of the same division of this road. 

tf a series of connected miles of the railroad and canal be preferred for 
Ac terms of this' comparison, let the 13 miles composing this first division of 
the former, be compared with any thirteen consecutive miles of the most 
expensive part of the canal, and the railroad will be found to have cost more 
than the canal, in the ratio of near 4 to 3. ' 

If, hdwever, this be also objected to, because of the great cost, so far, of 
both works, take their corresponding and cheapest portions after climbing 
the granite ridee pierced by the Potomac and Patapscp rivers, as from the 
38th section of the canal, up to the ''Point of Rocks," being a distance, 
along the Potomac, of 47 sections,' making, together, 84 miles. The cost 
of the grubbing, excavation, embankment, puddling, walling, and extra work 
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of the 24 miles, amounts to to 2285,960, or 211,876 50 cents a mile; to 
which, adding for a granite aqueduct, of 7 arches of 54 feet s}>an each aeroii 
the river Monocacy, costing singly {^96,000; for 30 culverts and 3 cut stone 
locks, with their appurtenant houses, infall, 8171,847, or an average of 
S7,160 03 cents a mile; and the average cost of the 24 miles wiu ke 
jBl 9,036 53 cents, exclusive of such contingencies as are applicable to bodi 
works. Allowing, for these, ten per cent, they will swell this averagsto I 
020,940 18 cents per mile. Of this cost, but a very inconsiderable part now I 
rests on mere estimates, the work on the canal, except the Monocacy aqne- ] 
duct, having been very nearly completed at the date of the annual report, ftm 
which, the basis of tnis calculation is derived. 

Recurring, in lika manner, to the last annual report, made by the Presi- 
dent and Directors of the Baltimore and Ohio Railroad Company, it will i 
be found, that, allowing nothing for the necessary fixtures to* surmount 4b |i 
inclined planes at Parr's ridge,' for neither toll-houses, nor depots, nor fori' 
the cost of a wooden, instead of a stone bridge, across the Monocacy river, nev v 
which, it seems, there is no stone; nor for the fact that five-sixths of the ' 
whole of this part of the railroad is hastily laid on wooden sills^ it is stated |' 
•in this report, distinctly, that its graduation and masonry alone will cost |' 
$8,532 16 the mile, for the distance of 54| miles above EUicott's mills, or 13 ' 
miles from Baltimore, and that the other charges will amount to $1 1 ,628 per 
mile, if computed at the average cost per mile, of a double set of tracks upoD 
the entire stem of the road, (67i miles,) and of a single track, oh the latenl 
road to Frederick, (of 2i miles,) being one-third laid with stone rails, (i. e. in* | 
eluding the first division of 13 miles,) and the remaining two-thirds, of wood. 
.From the one-third laid on stone sills, should be deduced the 13 milei 
next to Baltimore, leaving, out of the entire 58 miles above EUicott's milb, 
including the single track to Frederick of 3i miles, but about 9 miles, or 
one-sixth of this road laid on stone sills. 

Adding the {^1 1,628 a mile, which is somewhat more than th^ average 
cost of a double track on wooden sills, to the $8,532 16, the average eoet 
allowed for graduation and masonry, and the sum total of the cost per mile 
of this road, is $20,1 60 16. But if the expense of the fixtures at Parr's ridiei 
estimated at $40,000 in another part of this report, be addedi and, with i^ 
the further cost of toll-houses and depots, thisaverage will be swelled toasom 
exceeding; without any allowance for contingencies, the cost per mile of the 
canal; and let it be remarked, that, of this average cost, a Urge proportion is 
founded on mere estimates of expenses yet to be incurred. - If a due allow* 
ance be made for a bridge of stone arches over the Monocacy, instead of a 
Wooden superstructure, and for the substitption, hereafter, of stone for wood- 
en sills, where stone is said to be difiScultto be procured, and for contingen- 
cies also, the railroad will be found to exceed the canal, in cost, by near tbe 
same per eentage, on the more easy, as on the more difficult parts of the routes 
of the two works. Nor should it be forgotten, that this last comparison is of a 
railroad through an open country, allowing a choice of way, for a work, not 
confined to a certain inclination in the mile; while the canal must, of necMt 
ty, hug the parent of its existence, the Potomac river, and cross all iCs tribu- 
tary streams, where widest and deepest, because near their mouths. 

When the railroad shall have entered the valley of the Potomac, and 
encountered the same disadvantages with the canal, its masonry as well is 
its graduation, will rise in cost much beyond the estimate here admitted. 

So much for the relative cost of these toorks, which, for many reasons. 
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18 not to be assumed as a standard to measure the relative cost of all railroads 
ynd canals. The canals of 2^ew York cost about 18,000 dollars a mile, 
UK)se of Ohio have cost very little more than 11,000.* The Farmington 
tenal, in Connecticut, cost less than either. The canals of Pennsylvania 
will cost less, per mile, than her railroads. The disparity would have been 
^ater, but for moral or political rather than physical causes. 

To proceed with the second object of inquiry^ the cost qf transportation 
on railroads and canals. 

The amount of tolls and the cost of transportation on the Baltimore road 
and the Potomac canal, are regulated, to a certain extent, by the provisions 
of their respective charters. The railroad being a close monopoly, and 
not a public highway like the canal, the transportation, ^s well as the tolls 
upon it, is left with the company, which is required not to exceed 4 cents 
war ton per mile, in its charge on the tonnage moving eastwardly; nor 
ttore than 6 cents on that moving westwardly. The canal tolls are limited, 
io both directions, to 2 cents only 'per ton per mile; and the charge for 
transportation on the canal, if its trade be active, in both directions, will 
probably be reduced, by competition, to one-third of a cent a ton.^ Under 
no eircumstanceS| will it exceed one cent a ton per mile. So that, by the 
permission of their charters, the Railroad Company may charge 33 1-3 per 
nbnt more for toll and transportation, one way, and 100 per.^sent. more the 
Other way, than the Canal Company. If, however, departing from the limi- 
taitfons of their charters, these two companies were allowed equal nett pro- 
fit0y then the relative magnitude of the burthens which they would impose 
en, the people, supposing that profit to be equal, and their tonnage too, 
woqid depend, as stated in a former note on the relative cost of their works, 
fheir relative repairs, and their rate of transportation. If the relative cost of 
tfie construction of the canal and road be the same, then, on their respective 
annual repairs and rate of transportation. Now, the lock gates are almost 
the only perishable parts of a canal constructed of such ihaterials, as com- 
pose that now passing up the valley of the Potomac. Its very wide and 
gelid embankments, of earth, often paved with stone, ks massy walls, its 
locks, culverts, and aqueducts of durable freestone or granite, united by hy- 
draulic cement, will be strengthened, rather than impaired, by time. While 
every part of a railway exposed to the action of t&e weather, to the constant 
/attrition of heavy cars, and heavier locomotive engines, moving' with great 
velocity, and alike injurious to the road and its carriages, to say nothing of 
its wocMien sills, for two-thirds of its route, or of its aqueduct of wood across 
a considerable river, is liable to gradual, though certain wear, and to ulti- 
mate destrudtion or continual repairs, from the very use which constitutes 

its profit. 

Although the late report of the President and Directors of the Baltimore 
and Ohio Railroad Company forbears to include the repairs of any part of their 
road, or of their cars, among the expenses, involved in the collection of the 
tolls of.nine months receipts, the suggestion, in the report of their chief en- 
riiieer, that ^* the durability of the road," to use his own language, ^< and of the 
ears, and especially of the wheels, would be promoted by the use of springs;'' 
end again, that <^ the concussions upon the rails are very considerable, and 
eie greatly augmented by an increase of the rapidity of the movemenV' 
would indicate that some expensed^ from these causes, had been already in* 
curred, and should be considered as involved in the receipts. 

To diminish suoh expenses, the Liverpool and Manchester Railroad Com- 
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pany are said^ to employ several hands with brooms and scrapers^ for every 
mile of their road, to cleanse it of dust; an expense, which the cheaper labor 
of England may possibly enable their road to bear; but which wduld, of it* 
self, much detract from the profit of any railroad, even amidst the most 
crowded population of America; to say nothing of the solitudes of the Al* 
leghany and its parallel ridges. 

Some of the British authorities in favor pf the superior economy of rail- 
roads, were invoked to their aid, by the Baltimore and Ohio Railroad Com* 
pany in their early appeals to the public, and have been more recently 
quoted, with approbation, by their chief Engineer; but they do not appear to 
have been sustained by the progress of that enterprise, either as regards the 
comparative coat of the road itself, or the comparative cheapness of Hi 
transportation. 

Of the last, we have not been allowed to judge at all; since two essential 
ingredients of any just estimate, are singularly omitted from the late annuil 
report of the President and Directors, viz. the cost and repairs of the ne- 
cessary carriages; and the wear and tear^ or repairs,of the road itself \ 

If the acknowledged expenses of transportation bear the same proportion, 
to those which are omittedy that the experience of other railroads in Ame- 
rica warrant the belief, then, it is more than probable, that a just compari- 
son of the receipts and disbursements of this company, for nine months of 
the present y^ar, would bring them in debt; since *^ the moving power, 
drivers, and engine men, agents and conductors, depot expenses^ oil, and" 
certain '< contingencies," &c, (amounting to 482 dollars,) required an oqthj 
of very near 11,000, out of the gross receipts of 31,405 dollars, being, is 
the Superintendent says, <<of 1 to 2.86." CoAiputing the 81,905 passen- 
gers on this road, who were attracted to it, mostly, as Mr. Woodville, the 
Superintendent, states, ^^by novelty or amusement," at the allowance 
of 12 persons to a ton, and the entire tonnage of the nine months use of this 
road, between Baltimore and Ellicott's Mills, or for 13 miles, is about 
12, 750 tons. * Of this, the greater part of the pass^gers, amounting to 6,895 
tODS, travelled out and in, or about 2Q miles; the commodities, 5,931 tons, 
it is presumed, in no instance, more than half that distance, or 18 miles. 
The whole operation, therefore, is equivalent to the carriage of 25AjS5!i 
tons a single mile; and the charge of $10,994 87 cents, for the moving 
power exerted in 9 months, on this railroad, is more than 4| cents a ton 
per mile, totally excluding any allowance ybrpr^y?/, or interest on the first 
cost of the road or of its carriages, the repairs of those carriages, or the ne- 
cessary repairs of the road in use. 

Against this estimate, it might be said, with truth, that the transportation 
of persons requires a greater number of carriages than the transportation of 
commodities of equal weight, since these may be packed in a less compass. 

* The Superintendent makes the total tonnage, no doubt, more correctly, *' amoimt to 
upwards of 1,100 tons per month;" which, allowing for the indefinite form of expresooo, 
could not be supposed to swell the aggregate for the nine months much, if any thing, beyond 
10,000 tons. If so, the calculation here made is more favorable to the economy of this road 
than it should be, by more than S5 per cent, so far as the expense of the moving power is in- 
volved in it He also expressly says, that, under the head of expenses of '' transpoztation, he 
does not include any charges for the construction, the repairs, or ths wear and tear of wagons 
and cars; that branch of the service being under the immediate care and superintendence of a 
committee of (he board," who, it appears, have excluded any notice of it fiom the text of *the 
report, and have not thought proper to say any thing about it in its volumiaoas appradix, 
makiDg, together a work of mom thaa 130 pages. 
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That a load of the former is more elastic, and, therefore, less injurious to 
the road. This objection is met by the greater velocity with which they 
are transported, the greater number of wheels which they bring in contact 
with the road, and its greater injury, from the friction of those wheels. Oa 
these considerations is founded, no doubt, the higher charge for passengers. 

Assuming 4^ cents, per ton per mile, to be the actual measure of that 
part of the expense, shown by the superintendent of transportation on this 
road, to have been involved in the carriage of persons and property upon it, 
in the first nine months of the current year; and adding, as is warranted 
by the report of the superintendent of the Mauch Chunk railroad, l^y* 
cents per ton per mile, for the repairs of the carriages; and, as the former road 
is of much better quality than his, only half a cent a ton per mile, or one- 
half of his estimate, for its repairs, there will result 6 cents a ton per mile, 
as the cost of transportation, in an experiment of nine months, on the first 
13 miles of the Baltimore and Ohio railroad, the materials of which were 
all new, and as perfect as the expenditure of 60,000 dollars a mile, the cost 
of this part of the road, could make them. 

The conformity of this estimate^ which is by no means exaggerated, to 
the acknowledged cost of transportation, for the first six months of the same 
period, on the equally new, and much more costly, and, it is presumed, 
more perfectly constructed Liverpool and Manchester railroad, greatly con- 
firms its probable truth. 

A brief transcript of the Mauch Chunk Courier, from the annual report 
laid before the stockholders of the Liverpool and Manchester railroad, at 
their meeting in September last, gives, for the gross receipts on that road, 
for the first half of the present year, from the carriage of persons alone, 
^643,600 7^. 3d.; for merchandise, J^S 1,875; and for coals, je2 18 6^. 2d.; 
making the total amount of gross revenue £65,(^93 I3s. 7d,; from which 
is to be deducted the sum of ^635 ,379 for the gross expenditure involved 
in the collection of this revenue, including an inconsiderable land tax, (the 
stock is free of all assessment t^y the charter,) and a sum, not stated in this 
transcript, paid for interest on ^n outstanding debt of the company. The 
nett revenue fpr the half year, was, as there stated, ^630,314 13^. 7rf., on 
an investment of capital exceeding ^800,000 sterling, or, very near, it is 
believed, 4,000,000 of dollars, making due allowance for every thing, and 
including the difierence of exchange between EllngU^h and American cur- 
?*ency. 

Although neither the sum paid as land tax, nor the interest included in 
the six months disbursements, is stated in the extracts from this report, here 
quoted, at second hand,* they supply the following particulars, which answer 
the same purpose: That the actual receipts *' for the goods carried," were 
equal to lOi shillings sterling, about 245 cents per ton, for the entire road 
of thirty miles, (stated in a late v^ork to be 29^ miles,) and that the expense 
chargeable on their transportation, amounted to 7.9. 7d. a ton, about 1811 
cents; leaving 2^. 8^. per ton, or C3| cents, as the profit on the stock of 
the company; and making the tott^l post of transportation six cents a ton per 
mile, on this new, truly magnificent, and, it is presumed, perfectly con- 
structed railroad of two tracks, laid on a solid foundation of stone. The 
receipts for passengers, in gross, ^43,600 Y^. 3^t/., amounted to 4^. 74tf. 
each; and the expenses of tneir transportation to 2s. 6id.; making the nett 

* The entire report is added to this document, &nd is correctly quoted ftbwre. 
34 
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profit, on each passenger^ 2s, ld,\ or very near the same as on a ton of 
goods. 

What, though not immediately connected with the present inquiry, is 
well worthy of notice, in passing along, is that the receipts for passengers 
doubled the receipts for tha transportation of property. That the total sum 
received for the latter, indicates the whole tonnage of goods, for the six 
months^ not to have much exceeded 40,0G0 tons, which, doubled for the 
year, makes but a fourth of the tonnage of the Erie canal of New York; and 
that this road, from the second sea port to the largest nmnufacturing town 
in England, through a country abounding in coal, the source of the greatest 
revenue on the most profitable lines of inland navigation in Great Britain, 
yielded, in six months, for the carriage of this primum mobile of all the 
British work shops, but ^£218 Qs. 2d. sterling.* 

The present object, however, for introducing the preceding facts, is to 
confirm, as they undeniably do, the estimates made by the highest Americas 
aAithorities, of the relative cost qf transportation on railroads and canals, 
by reference to the most perfect railroad that has yet been constructed — it 
may be added, over favorable ground, in a country where manual labor is 
so cheap that it can be economically employed to sweep the road; where 
the arts have reached the, greatest degree of improvement, and their inge- 
nuity has been excited by high rewards, to, invent and construct the most 

* How small a part of the imports of Manchester, through Liverpool, is comprehended in 
these 40,000 tons, which comprehend the trade both to and from that sea port, will be the 
more apparent from the following description of the trade of the former, from the Eldinburgh 
Gn^etteer, published in 1822, vol. IV. p. 135. 

^ The greater part of the cottom trade of Great Britain centers in Manchester, extending 
around in all directions, to Fumess on the north and south, and to Leeds and Liverpool on the 
e«8t and west*' The Y&nous branches of the manufacture are carried on more or less through 
all this district, but by far the most extensive, espeoially the spinning, in Manchester. Man- 
chester is, besides, the general depot from which the raw material is distributed through all 
parts of the district, and in which all this scattered merchandise is again collected, when fin- 
ished, into a centre, to be again expanded over a wider circle." 

Though various causes have concurred to render Manchesfcr a great emporium of manufac* 
lures, the foundation of the whole is Unquestionably laid in the natural situation of the place, 
on the banks of a navigable river, in the midst of inexhaustible fields of coal, near the centre of 
the Idngdom, and capable of having its external and internal communications greatly improved 
by art 

'* By means of the canal which proceeds fitom it to difieront parts of the country, Manchester 
enjoys a communication, by water, both with the eastern and western seas, being situated di- 
rectly in the lino of navigation which here extends across the island from shore to shorc^ while 
it is equally opdn to the north and south by various branches from the main trunk. The IrwcU 
and Mersey form an easy access to Liverpool.- The act for making these rivers navigable, 
passed in 1720; and, in 1755, this communication was still more facilitated by the famous canal 
of. the Duke of Bridgewater, from the Duke's coal works to Manchester, and firom theqce to 
Runcorn, which, at the same time, uniting with the grand trunk, or Stafifordshire canal, extends 
the navigation southwards to the Trent and Severn, to Nottingham, Birmins^ham, and Bristol. 
*^ In 1795, 25 boats, of 55 tons each, were employed on the Mersey and Irw^ll, plying between 
Manchester and.Xiverpool^ and making 36 trips a year; j^nd on the Duke of Bridgewater's canal 
there were ^iotaia of 50 tons each, which made 80 trips a year." ** Tha Leeds and Liver- 
pool canal runs greatly to the north of Manchester." "On tho north, the Duk6 of Bridgewater's 
canal is prolong^ by L*igb, to the Leeds and Liverpool canal, near the coal district^f Wigan." 
Under the Liverpool hoad, vol. ill., pa^e 786, it is said, " The Duke of Bridgwater's canal, be* 
gun in 1761, had opipned a communication to Manchester much saperior to Siat of the Mersey 
and Irwell." Yet the annexed table, showing the value of the stocl^ vested in the former 
|iavi|;ation to be 5} times its original cost, and its dividend, 20 per cent, proves that, thou|^ 
inferior in vdue to the public, it finds, no doubt, at cheaper rates of transportation, very exteo* 
afro employmanJL « 

In 1S19, th9 toimagd of Liverpool was 8S7,31S tons^ ot more than that of tho whole United 
0UUe6 nf A '"iinoa at the fame pariod. Tbo dutiM on U uavrnXadi \o i\V);i.W Vu %4L «tietUii9» 
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perfect locomotive engines; and where the coal which gives these engines 
motion, is so cheap as, under the obligations of a charter, to be sold seven 
miles from the pit, in the town of Manchester, at Sid. for a bushel of seven 
ficore^ which is at the rate- of 2d. sterling for the Pennsylvania bushel of 
80 lbs. weight 

Ten shillings sterling, or about 240 cents, American currency, was the 
price tp which the undertakers of this enterprise bound themselves to reduce 
the cost of transportation between Manchester and Liverpool, being, as has 
been shown, 8 cents a ton per mile. But the cost of this reduction is found 
to consume, ybr carriage onlt/^ rather more than three-fourths of this sum; 
or to exceed 6 cents a ton per mile; leaving but 2 cents a ton per mile to 
pay the interest on the capital invested in the road, and its necessary appur* 
tenances; which falls little short pf 4 millions, and may, possibly, be found 
to exceed that amount; allowing nothing for the interest lost during the six 
years' progress of this very heavy expenditure. 

Here, again, is seen, a verification of the results of the experience of the 
ingenious superintendent of the Mauch Chunk railroad; who, long since, 
informed the public, that while a velocity of fifteen or twenty miles an hour 
(which he. then said, could be extended to sixty,) was very easily attained, 
and actually attempted on that railroad, such was the injury occasioned to 
the cars and the road, from such rapid motion, as to render the transporta- 
tion, nearly as costly, as on an ordinary tufnpike. 

The description given by travellers lately returning from Bngland, of the 
ruins of cars and rails scattered along the margin of the Liverpool and Man- 
chester road, farther corroborates Mr. White's statement; although it is very 
evident that, while so large a proportion of the revenue of this railway is 
derived from the carriage of persons, they must be oSered the attraction of 
quick motion and economy of time, to tempt them to pay the fare of five 
shillings for travelling on a i^ailroad, the same distance, for wTiich they would 
pay, on a canal, less than a moiety of that sum. Mr. Fairbairn states, in 
a work quoted in a former not^ of this appendix, that two pence a head 
would pay the expense of the mere corriage or trackage of persons, exclu* 
sive of tolls, through the fifty-four miles of canal navigation between Glas* 
gQW and Edinburg. 

That so little merchandise is transported on the railroad from Liverpool 
to Manchester, between which, the water carriage used to be fifteen shillings 
sterjing a ton, either by the Mersey and Irwell* navigation, or by the river 
Mersey, for sixteen miles, and the Duke of Bridgewater's, now the Marquis 
of Stafford's panal, of twenty-nine and a half more, is, without doubt, to be 
ascribed to the breaking up of those profitable monopolies, an^ the recent 
reduction of the price of carriage, on both those lines of water communica- 
tion. But that, in this competition, the victory must ever remain on the 
side pf the cheaper intercourse, by water, is evident, from two considera* 
tions: first, that on the same portion of any improved canal communication 

* The Meraej and IrwcU navigation, above Runceorn gap, is mixed of still water, produced 
by dams and locks, and occaiionai panals. 

A third line of n;Lvigation, Uiotigb much more circuitous than either of the abore, may also 
be said to connect Liverpool with Manchester. It is the Liverpool and Leeds canal, and the 
cut from Wigan^ bv L^lff^ to Wprsley mills, and thence, to Manchester, by the first canal oon- 
Btmcted by the Duke of Bridgewater, which now crosses the Liverpool »nd Manchester railroad, 
within a mile and » half of thope pits; whence, by the obligations of his charter, that enterprising 
nobleman was compiled to deliver coals, at Manchester, distant seven miles from their eatran4;e, 
ui about four cents tor the Peansylvania buiheL 
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in America — and it cannot be less true in England — ninety cents v^ouldpay 
the reasoable toll, as well as freight, on the carriage of a ton of goods for 
thirty miles; and 135 cents, for a distance, equal to the entire voyage of 
forty-five miles, from Liverpool to Manchester, by the circuitous route of 
the Bridgewater canal and the river Mersey: and next, that the imposing 
opening, and very near twelve months' use of this very costly railway, so 
far from reducing the antecedent revenue of the Mersey and Irwell naviga- 
tion, has enabled its proprietors to recover from the panic of the years 1828 
and ^29, and to augment their dividend from 35 to 40 per cent., or to five 
per cent, beyond its extent ten years ago; (See the table, post.) 

The price of their stock has, in that time, it is true, fallen from Si to 5i 
times its original cost. This depression may, also, be temporary; though, 
much for the public benefit, canals will, hereafter, be compelled, by the 
wholesome competition of railroads, to reduce those exorbitant profits, 
which injudicious charters, iramed without any limitation, but in the maxi- 
mum rate of tolls, have hitherto allowed them to divide. 

It has been already noticed, that the charter of the Chesapeake and Ohio 
Canal Company, pursuing the policy of the act establishing the Virginia 
fund for internal improvement, limits the profit of their stock to fifteen per 
cent per annum; a regulation to which no just exception can be taken; for, 
while the receipts of a canal will always be proportioned to the magnitude of 
its tonnage, its wear and tear, or annual outlay for repairs, will not In this 
respect, as in so many others, canals have, obviously, great advantages over 
the best railroads; the repairs of which must be proportioned to their use, 
and increase with their gross revenue. 

The last annual report of the Liverpool and Manchester Railroad Com- 
pany confirms the preceding rumor, so extensively circulated in the United 
States, that the Bolton Bury and Manchester Canal Company, have ob- 
tained the consent of the British Parliament to substitute a railroad for their 
present canal. 

To rebut the inference already drawn from this solitary fact, to prejudice the 
American public against all canals, there is subjoined, to this note, a late es- 
say from a public gazette, which, while it demonstrates the expediency of 
this substitution, as conclusively proves, that no general inference can be 
deduced from it, to the prejudice of inland navigation, when compared with 
railroads. 

Conclusively, as the preceding facts, derived from the joint experience of 
Bngland and America, appear to settle the relative merits of railroads and 
canals, it is probable that, while the present delusion on this subject, so ge- 
nerally pervades both countries, immediate a/ssent will not be yielded to 
their force. 

Canals can be constructed only where a sufficient supply of water exists 
to fill them. They must pursue the valleys of those rivers whose fountains 
feed them. Railroads, on the other hand, naturally seek the driest plains, 
avoiding, where practicable, water courses and alluvial lands. They have 
an ubiquity of locomotion which adapts them, if not to the real interests, to 
the illusory hopes of villages, towns, and cities, which no canal can ever be 
expected to reach: and those who advocate their exclusive^use, know, full 
well, how to profit by this quality. Hence, a whole country may be set 
in commotion, by promises of railroads to intersect it in every possible 
direction. Such is the present excitement in the United States. Such has 
beem recently,and, perhaps, continues to be, the excitement in England: such 
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was once, the excitement, though it soon subsided, in the same coun.try, at the 
time of the completion of the Croydon railroad, in the county of Surry. 

This road was finished in 1802, under fiie eye, almost, of her great com- 
mercial and political metropolis; for its distance from the capital of the Bri- 
tish empire is but eight miles; and it is crossed by the public highway, {be- 
tweien London and Lpsom, a village of no little note, for its periodical races, 
its mineral waters, and the beautiful scenery of its neighborhood. 

Yet, a very short period ago, (less than two years,) no railroads stock had 
reached an advance of one hundred per cent, above par, in the English 
niarket; while the following were, at that time, the prices of the several 
canal stocks comprehended in the subjoined table. 

The anne^ced table of the prices oi canal and railway stocks, in the Lon- 
don market, at various times, is composed, in part, from the trade list of the 
day, which is published weekly, by an assistant clerk of the bills of entry 
of the British customs, and may be, consequently, deemed to have an offi- 
cial sanction. 

The table ^comprises only thirty-five, of more than one hundred canals, 
in Great Britain, and those the most profitable. 

This table furnishes the best, because incontrovertible evidence, of the 
estimation of canal stocks, in England, at the several periods to which it re- 
fers, between March, 1821, and November, 1831. 
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Of the lines of water communication described in the preceding table, 
that of the Mersey and Irweli navigation, and one other, not included in 
the table, because its stock, the property of a single individual, (the Mar- 
quis of Stafford,) is not in market, are the channels of trade, with which 
the Liverpool and Manchester railroad (enters into immediate competition. 

The extension of this railroad from Manchester to Leeds, and to Lon* 
don, would extend its competition to several other canals included in this 
table, as the Leeds and Liverpool, Grand Junction, Trent and Mersey, the 
Oxford, and to several others, less directly. 

It is remarkable, however, that the prices of the stocks of the canals near-* 
est to Liverpool, have fallen less, than those at a distance from it. While 
that of the Mersey and Irweli navigation had, in January last, sunk more * 
than J6300 on the share, its dividend, far from falling off, had risen 10 per 
cent, beyond that of 1828, and five above that of 1821. The price of its 
stock is still 5i times its original cost. 

The Leeds and Liverpool canal stock, as well as dividend had, in like 
n^nner, risen, the latter 4 per cent since 1821, and 10 per cent, since 1828, 
when the railroad had inspired the greatest alarm; the former, after falling 
at that period, from JS395 a share to 278, mounted up again, and was selling 
on the first of November last, at dS405 a share, or at more than four timeif 
its original price. 

Of the thirty-five lines of improved nav^igation enumerated in the pre- 
ceding table, the dividends of the stock of seventeen have been stationary, 
or very nearly so, for ten years past; six only have sustained any diminu- 
tion; while as many have sensibly improved in value. 

The Loughboroui;h dividend, which was once J6200 on the share of 100, 
and had fallen to 119, had, at the last accounts, again risen to 180, and its 
stock, which had exceeded dS4000 the share, and fallen at one time to 1800, 
was, in the last month, at £2550 the share. 

Although all the canal stocks in England have been affected more or less, 
in the estimate of their value, by the expected application of steam as the 
propelling power of railroads, and by the apprehended introduction of railroads 
in the immediate vicinity of all the most productive canals, but one canal in 
that country has, as yet, been prc^osed to be converted into a railroad, and 
that, from considerations very peculiar to itself. 

These are so minutely, and it is believed, so coiTCCtly detailed, in are- 
cent esi«ay which appeared in the National Intelligencer, that it has been 
deemed expedient, as well as proper, to attach it to this note. 

The length, lockage, and cost of the canals included in the proceding ta. 
ble, are derived from a work of unquestioned authority, by M, Huernede 
Potnmeusey tnembre de la Chambre des Deputes^ originally written in 
French, and, it is believed, not yet translated into English. Its other facts 
are from the « Trade Lisis.*^ 

It is obvious, under the circumstances disclosed by this table, that rail- 
road stocks, yielding, on the same amount of capital, a half, a fourth, or a 
tenth even, of the profit of certain canals, in the same neighborhood, would 
furnish profititble investments for money. And engineers of every descrip- 
tion, therefore, and pamphleteers too, would not be wanting, after thecanal 
system of that kingdom had been already pushed to the utmost limits of its 
land and wateri to reconimend railways in preference to canals. 



[ Doc. No. lOK ] 373 

Th^ following receipts on certain American eaaabi charging for toll and 
transportation together, not more than three cents a ton per mile) two 
cents being the average toll, and one cent the price of transportation, de- 
serve consideration here. 

To show that a canal may be profitable, with a toll , not exceeding an average 
amount on. its tonnage, of two cents a ton per mile, it may not be immaterial 
to notice the total amount of tolls on the New York canals, which have cost 
about {^18,000 a mile, or about 7i millions, and the Schuylkill navigation, 
the stock of which is now, at an advance in the American market, of near 
one hundred per cent on the share of 9100. 

Extracts from 9he letters of Hamilton^ containing " w? bri^ view of 
the system of internal improvement of the State of Pennst/lvaniaf^' 
by M. Carey f M. ^. P. 4SI, and of the Antiquarian Society j publish" 
edin Philadelphia^ m 1831. 

** New York did not begin to collect tolls on her canals, except on a very 

small scale, before the fall of 1822, above five years from the time when 
they were commenced. 

. <<Canal tolls, 1821, .... $2,220 

1828, .... 44,486 

1823, .... 89,988 

1824, • - - . - 319,320 

1825, - . . . 521,345 

1826, . - . . 750,759 

1827, - . - r SA1,159 

1828, .... 897,265 

1829, . . - . . 771,^85 

1830, ... - 1,056,922 

1831, . - . 1,193,435" 
The following are the chief articles that reached Albany, by way of the 

canal, in 1830: 

Barrels of flour, - - •- - - - 396,900 

ashes, ...... 25,670 

provisions, ..... 22,008 

salt, . . . . . - 42,601 

whiskey, - - - • - 28,207 

Hogsheads of whiskey, • - - - - ]^,42C 

Boxfes of glass, - - - . - - 6,374 

Barrels of lime, - - - - - - 2,404 

Bushels of wheat, ...... 209,011 

corn, rye, and oatSj . . • - 114,989 

barley, . - . . 1 . . .182,783 

Cords of wood, ---..- 12,976 

Feet of timber, ...... 31,621 

Shingles, - - . , - - 11,810,000 

Feet of lumber, - • . - - • 25,832,14* 

«' New York is destitute of coal, one of the greatest sources of canal tolls. 
She, it is true, derives a small supply of iron from the borders of Lake 
Ghamplaiti. But that the amount is insignificant, appears from the fact, that 
the total tolls of the Chaniplain canal, up and down, were, last year, only 
89,053 dollars." 

3i 
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^< The tolls of the Schuylkill Navigation Company, last year, were 1 48,165 
<iollars; of which, 87,195 dollars were received on coal^ being about sixty 
per cent of the whole/' 

The supplies not only of Iron, but of lime, for manure, as well as cemen^ 
must depend on the vicinity of coal to the ore bank, and the quarry. 





Increa^ qftolU 


on the Schuylkill Navigation. 


Yeare. 


ToUs 
on coal 


Total tolls. 


1 

Tonnage. 


Price of stock: shares, $ 100 each. 


1825 
1826 
1827 
1828 
1829 
1S30 

1 


• 

3S,ai7 
46,202 
77,032 
87,195 


15,775 
43,108 
58,149 
87,171 
120,039 
148,163 


32,404 

65,501 

105,462 

154,504 

180,785 


January, 1826, « 75 to SO 
" 1827, « 95 to 101 
'< 1828, « 101 to 1024 
« 1829, s 100 to 101 
<< 1830, « 160 to 165 
•« 1831, « 176 to 180 



The works of this canal ^ are, in extent, about 108 miles; commencing 
at the Lancaster Schuylkill bridge, and ending at Mount Carbon: of which 
62 miles are by canals, and 49 by pools in the river. The number of houses 
for lock-keepers, is 65; the number of locks below Reading, 39; and above, 
81; being, in the whole, 120, (of which 28 are guard-locks,) overcoming a 
fall of 588 feet. '^ 

In 1826, the amount paid for this improvement, was $ 1,704,948 80 

for land, - - 63,405 64 

for damages, - - 39,701 73 

Total cost, . . j8 1,808,056 17 

exclusive of interest on loans, and securities. 

In the same annual report of this comj^any, from which the above is ex- 
tracted, is the following testimony in favor of large canals: <^ The pools 
having towpaths along them, are a very important, and, it is believed, when 
finished, will be a favorite part of the navigation, with those who use them; 
for it js a fact worthy of notice, that a horse, towing a boat, will, with great- 
er eade, go at the rate of four miles an hour, in a pool, than three miles in a 
Mnal.'' 

This proposition is in accordance with the experiments of the French 
academicians, on broad and narrow canals;andcorroborates the policy which 
has given such enlarged dimensions tothe Chesapeake and Ohio canal; while« 
10 every other respect, the navigation of the eastern section of the Chesa- 
peake and Ohio canal will be much less obstructed by locks, in proportion 
to its length, than the Schuylkill navigation; the stock of whieh is now near, 
or quite, 100 per cent, above par. 

I" ^ 

From the National Intelligencer. 

" Messrs. Gales 4* Seatoii: — To an impartial press, whatever tends to 
guard the public mind from delusion, and especially in relation to topics 
iff national interest, must be accepVabV^ 
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'< I canfidently, therefore, anticipate your ready admission into your use- 
ful columns, of the correction of an error current in the gazettes of the 
United States, that canals are, every where in England, giving place to 
railroads: and, as conclusive evidence of this, that the Bolton, Bury, and 
Manchester Canal Company, have offered their canal for the site of a rail- 
way. 

*< The first position is no further true, than that, as almost all the canals 
that could be made, and many that ought never to have been made, have, 
long since, been constructed in England; and as some of them have proved 
the richest monopolies known to the world, railroads have, of late, arisen 
to compete with them, for a share of their dividends. These have been, 
and still are, so considerable, as to occasion an advance, on the original price 
of canal stocks, in some cases of a thousand, in others of two thousand, and 
three thousand, and in one case, of more than four thousand per cent. 
-* *« But, as 1 have suggested, very near, or quite half of the canals of Eng- 
land, having great locKage, little water, and less trade, have proved, from 
their very outset, to the present day, of little, or no value to the proprie- 
tors of their stock. This has,' indeed, in some cases, so completely disap- 
peared from the money market, that neither the weekly " Trade^^^ nor any 
other *< /i>/" of prices, pretends to state what is its selling price. 

<< Examine, not the present merely, but the past condition #f the canal, 
connecting Manchester with the towns of Bolton and Bury, since this is 
triumphantly adduced as a canal — ^theonly one, indeed, so quoted, which has 
been offered, by its proprietors, as part of the site of a railway, to be con- 
strueted between Manchester and Leed». 

<<This canal, I have seen: but I do not, for that reason, ask the least reli- 
ance on my authority for the facts respecting it, which I am about to state'. 

*^ Rees' EncyclopsBdia, the Encyclopaedia Metropolitana, Bradshaw's 
maps of the canals and railways of the midland counties of England, and 
similar sources of intelligence, may be appealed to, for the verification of 
my statements: and, to them, I refer the reader. 

<<The canal between Bolton and Manchester, one of the straighest in 
England, is eleven miles long: the branch to Bury intersects it, three miles 
from Bolton, and is, in length, about four miles; so that, both together, bo- 
^ ing the property of one company, make 15 miles; and while the distance 
of Bolton from Manchester is 11, that of Bury from the same place is 13 
miles. 

"There are 12 locks on this canal, and two costly aqueducts over the ri- 
rers Irwell andLeven. It was fed, in 1799, by the former of these rivers, but 
in 1803 it was^ found necessary to construct a reservoir at Ratcliffe. Its 
construction exceeded in price 30,000 dollars a mile. The shares of its 
stock, in number 447, originally cost d6250 sterling; were selling, as far 
back as 1824, at £\\2 sterling eacii; having then fallen below one half of 
their former price. 

*<The object of this canal was to reach Liverpool through Manchester, by 
the Duke ot Bridgewater's canal, with which it is there united by means of 
the M^dlock brook. From Manchester, the cheapest and safest water com- 
munication with Liveq)ool is by the Duke of Bridgewater'^s canal, of 29 
miles, to Runcorn, where that canal enters the river Mersey, and thence, 
along the open bosom of that broad river, often too rough for canal boats, 
16 miles more, to the harbor of Liverpool. 

<« The whole water communication of Bolton, with Liverpool, thus cowv- 
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^posed, is therefore 56 miles in length. The cost of carriage, on the part of 
this line of intercourse, between Manchester and Liverpool, the memorial 
to the British Parliament,' in behalf of the Liverpool and Manchester rail- 
Way, stated to be 15s. sterling per ton; which that memorial promised to re- 
duce, by means of the railroad, to lOs. a ton. The cost of carriage cannot 
be less, from Bolton, which, by water, is 11 miles farther than Manchester, 
from Liverpool 

" But the distance of Bolton, from Liverpool, over land^ is less, by three 
miles, than that of Manchester from Liverpool, by the recently constructed 
Manchester and Liverpool railway. This railway, moreover, approaches 
within two and a half miles of the town of Leigh, at a point 17i miles from 
Liverpool; and from Leigh to Bolton, a distance of about s^en miles, a rail- 
road has been already constructed, by authority of an act of Parliament, 
which passed in 1828. So that while the water communication between 
Bolton and Liverpool, mixed, circuitous and hazardous, is 56 miles in 
kn£th, that, by^and, is 27 miles, of which, all, but 2) miles, consists of a 
highly improved railway;^ and while the cost of transportation for a ton of 
goods, by wslter, from Solton to Liverpool, does not fall short of 15s. ster- 
ling, that, by land, cannot exceed 10s. sterling. 

^^ 'The same considerations apply with nearly equal force to the short 
branch to Bury, which is, a^few miles, east from Bolton. 

^< It is not difficult, then, to account for the willingness of the proprietor! 
of this canal to surrender it, for a railway, or any other purpose, tp any ooe^ 
who will take it of their hands, and pay them any thing for it. 

<<If, indeed, the carriage to Liverpool, bywater^ from Bolton, by Man* 
Chester, and thence, by the Duke of Bridgewater's, now the Marquis of 
fStafibrd's canal, and the river Mersey, which spreads out to great breadth, 
below Runcorn gap, a distance, in all, of 5Q miles, could be reduced from 
16s. sterling, or 3.60 cents, to 3 cents a ton, per mile, the entire cost of 
transportation of heavy commodities, on the canals of New York, Pennsyl- 
vania, and Ohio, then, indeed, the case would be not quite so hopeless for 
the Bolton canal. 

<< Ten shillings sterling, per ton, the price nqw charged, on the railroad, 
for transporting a bale of cotton from Liverpool to Manchester, a distance of 
S9I miles, measured from the wharf of Liverpool to the entrance of Man- 
chester, if this sterling money be turned into American currency, with a 
suitable allowance for the difference of exchange, and the relative value of 
the metallic mediums of tiie two countries, is not less than 02 40 cents, or 
eight cents a ton per mile, for transportation; a charge not too great, con- 
sidering the cost of the road, which is, now, known to have been, all charges 
included, about 140,000 dollars a mile. 

<^ The American charges for canal transportation, at 2 cents per ton per 
mile for toll, and one for freight, which last is quite high enough, would 
i'educe the cost of carriage on the line of 45 miles, between Manchester 
and Liverpool, to 1.35 cents the ton, or 1.05 cents less than the present 
charge on the railroad of 3Q miles, between the same places; and adding 11 
miles, or 33 cents, for the distance, from Manchester, to Bolton, still, the 
advantage, excluding any allowance for the danger and delays, of 16 miles 
of open river navigation, of the water, over the land, transportation, be- 
tween Bolton and Liverpool, would be 72 cents on the ton; or quite enough 
to keep the carriage in its old track. 

* heigh 18 novr connected with thela^eii^QV «3i^^'L«XL<^<MA«t t«illto«d, by a raUwftjr. 
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*' As to the river Mersey; from Runcorn, it is open to every one. What 
the M&rquis of Stafford may charge^ on what was once the Duke of Bridge- 
water's canal, subject to the restraints of the charter, under which he holds 
his title, it is for himself to decide. But if the exclusive advocates of rail^ 
roads, either in this country or in England, find any cause for exultation in 
the preceding facts, let them rejoice ! If they question the facts, let them 
adduce their conflicting evidence, and they shall again hear from 

TRUTH. 



A fair experiment of the relative utility of railroads and canals, would 
depend on so many circumstances, as regards their relative plans, location, 
post, and species of traffic, that many years would be consumed in bringing 
it to a satisfactory conclusion. 

In the first stages of such an experiment, a canal, liable to frequent in- 
terruptions from the unsettled state of its banks, would labor under great 
comparative disadvantages; Vhile the railroad would possess the recom- 
mendation of being new, and, therefore, in its most perfect condition. 
Their relative profits would depend, of course, on the proportion of their 
neit income, to the cost of their construction, and the former subject of this 
coipparison would, itself, depend on the expense of those very repairs, which 
would be diminishing, on the canal, as its bank acquired stability fron> 
time, and increasing upon the railroad, as use impaired its strength, by 
friction, frequent changes of temperature, and unforeseen accidents. 

As to the relative speed of transportation on both, the decision of that 
question must await the equa} use of both the canal and railroad, for a con** 
siderable period, and under various circumstances, by the same amount of 
tonnage. It is difficult even to conceive how a railroad, with but two 
tracks, and having both occupied at the same time, by numerous and 
heavy laden cars, moving in oposite directions, can admit of the velocity, 
which it is believed, a boat may attain, on a canal, without the slightest in- 
terference with any other vessels moving on the same surface, in opposite 
dire(^tions, and with different velocities. 

Of the possible application of steam, to canals^ not indeed, to such canals 
as those which so often occur in England, but to the canal of the Forth and 
Clyde, in Scotland, which has near the same breath with the Chesapeake and 
Ohio canal, a doubt can no longer be entertained, notwithstanding the nu- 
merous and very confident authorities cited to disprove it, by the Balti- 
more and Ohio Railroad Company; all of which, indeed, derive their whole 
force, as they doubtless do their existence, from their application to the 
comparatively narrow and shallow canals of England. 

A reference to the able essay of the practical civil engineer superintend- 
ing the Lehigh Coal and Navigation Company's works in Pennsylvania, who, 
having both a railway and a canal under his charge, with abundant experi- 
ence, and no motive whatever to deceive himselt or others, will shed more 
real light, on this inquiry, than all the British authorities united; and his 
suggestions ot various modes of diminishing the expense, and of accelerating 
the speed of transportation on canals, while it evinces his mastery of his 
profession, may inspire a doubt, at least, whether mechanidal genius may 
not hereafter find, as full exercise for its invention in improving the naviga- 
tion of canals, as in propelling railroad cars. 
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WheD| therefore^ the appeal to public opinion will be so far settled, as to 
enable the Federal Government to decide a question, which now perplexes 
the civil engineer, cannot, probably, be detern)ined. 

One thing which is certain, appears not to hAve been generally known, 
that the Chesapeake and Ohio Canal Compsijiy depend on the pro3ecution of 
their work, above *< the Point of Rocks," for a supply of water to five apd ! 
twenty miles of thfeir canal, now nearly completed, be^ow that point, apd, 
therefore, that the result of the experiptenl which has been recommend^ 
could not be' patiently awaited, by that company, without most serious losf 
to their stockholders, and to the public. 

If, as two of the most eminent civil engineers have said, after careful iV 
quiry, the internal intercourse of England be not sufficiently active tq war- 
rant the use of stationary steam engines^ on such a railroad, qs Umt be- 
tween Manchester and Liverpool, the cost of which, it is aacertained, ex- 
ceeds )S13Q,000 a mile, it must be manifest that the United States cannot, 
in the present state of their population and commerce, avail themselves of 
the cheapest propelling power applicable to railroads. 

Whether America oe ripe for the profitable employment of locomatwe 
engines between her chief cities, or between those cities and the country 
which sustains them, is a question yet to be tried and determined, by ex- 
perience. If mere animal force be, at present, the most economical movipg 
power on railroads and oanals^ then, their relative value is admitted tok 
unequivocally settled in favor of the latter. 

Railroads are universally acknowledged to be greatjy superior to all other 
roads; and the time may and probably will arrive, in the United Statei) 
when constructed with many tracks, for carriages moving at the sametime^ 
with different velocities, in the same, as well as in opposite directions; afldi 
propelled by stationary engines, having sufficient occupation to sustain their 
constant and therefore profitable use, railroads will prove formidable, if 
not successful rivals of canals. In the interim, it cannot be wise, or pro- j' 
dent, to arrest the improvement of a country, by institutions sqited tpitf i 
actual condition, because it is expected that, at some future and distant pe- .! 
riod, these may be superceded, by inventions of n\ore expensive structure j 
and costly use. 

In the progress of navigation, the floating raft, the bark canoe, theopeo 
boat, and the decked vessel, varying in size, from the light sloop which 
scuds along the coast, to the magnificent Indiaman, or the awful battle ship 
which braves the ocean and the storm, have all their appropriate places. 

Indulging similar views of the future march of invention, should it so 
happen in process of time, as there Js, much latitude for hope, if notsqffi* 
eient ground for confident predrctian, that, by the introduction of steim 
po\^er on canals, or the use of a part of their surplus water to propel tlieir 
boats, on the principle of the action of the stationf^ry engine on the railway, 
the expense extending canal navigation may be greatly reduced, and itsf» 
locity be proportionably accelerated, the spirit of liberal and enlighteMJ 
competition which railroads have recently awakened both in Europe uii 
America, will yield to commercial and social intercourse, to the union flf'l 
States and the happiness of their people, as substantial benefits, as if the moil 
flattering promises of their exclusive advocates had been fully realized. 

The following impressive caution against rash speculations iu railroadik 
is given in a publication, entitled <<an account of the Liverpool and Mio* 
Chester railway, by H. Booth, esq., treasi^rer to the company^'' 

i 
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<<The Liverpool and Manchester railway is a magnificent work; but it 
will be useful to keep in mind that such works cannot be executed except 
at an expense of no ordinary magnitude. This railway will cost abovo 
J68OO9OOO, including the charge for stations and depots at each end^ and ma- 
chinery, wagons, &c., for a carrying department. The immense tra£Sc he^ 
tween Liverpool and Manchester amply justifies this outlay. But, withre^ 

- ference to any similar scheme in extension of the railroad system, it is dc** 
flirable the projectors should impartially calculate the cost of the work, as 
well as the income it may be expected to produce; and, especially, that they 
should make an ample allowance beyond the first estimate ef the expendi- 
ture, before they embark in the undertaking." 

In an address to the members of both Houses of Parliament, from which 
the above is transcribed, the following very pertinent remarks appear: 

" Whatever hope and encouragenjent for the future may arise out of the 
trial of the Liverpool railway, now going on, especially as respects the consis- 
tency of speed with safety, it cannot be pretended that sufficient proof has 
yet been given of the main point, required 'to establish the superiority of 
railways over canals, viz. — their greater egokomv. Of this, the reduc- 
tioti in the tonnage of raw cotton, in which the railway has been followed 
by the water carriers, is no proof; because the rate now charged, within one 
shilling per ton, was fixed by the railway act, at a time when the cost of 

^ itSi conveyance could only have been approximated by an estimate. Unless 
however, the cardinal point of greater economy can be clearly made out, the 
advantages of the railway will be limited, (as is stiJlthe opinion of many of the 
best fudges) to those cases, in which an extra-price can be afiorded, for the 
rapia conveyance of passengers, and of those lighter articles of merchandize 
which are required to supply immediate demands. The proof which is requir- 
ed must consist, not in estimates or calculations; for, of the fallaciousness 

. of these we have already had sufficient experience in the case of the Liver- 
pool railway, the cost of which (upwards of J&30,000 per mile) is moro 
Itian double the estimate; — but in bona fide evidence, to be derived,, at a fit 
season, from a fair winding up of the accounts of the concern ;--«from a 
balance sheet proving that, after paying interest on the sunk capital, and 
defraying the current expenses, there will be a surplus of actual profit, how- 
ever moderate, to be divided among the proprietors. Such an inve^stiga- 

■ tion, it is obvious, cannot be entered upon at present, with any trustworthy 
result It will require thatthe railway |hould be completely finished;-— that 
the suflSciency of the work should be ascertained b/ longer experience; — 

i. that the solidity of the foundation, the durability of the road and embankt 
ments, should be fairly tried; — that the wear and tear of the rails, carriages, 
and machinery, should be determined, both under the present system of 

^ exclusive use by the company of proprietors, and when thrown open, as 

p carriers in general. These, and a variety of other data, hitherto unknown, 
must be acquired by actu^ experience, before it can be pronounced, with 
Just confidence, that railways can carry at a cheaper rate than canals. They 

. are points upon which directors and engineers can at present ofier nothing 
but random conjectures, quite unworthy of being made thp ground of under- 
takings, which will absorb many millions of the capital of the nation. '^ 
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A reference to the last annual report qf the Baltimore and Ohio Rail- 
road Conipany, in order to ascertain the cost of transportation on that 
road, as well as of its construction* 

^he last report of the Pennsylvania Canal Commissioners quotes from the 
late annual report of the Baltimore and Ohio Railroad Company the esti- 
mated cost of their road, and states it to be 27,228 dollars per mile. They 
notice, that, of the 71 miles of this road, so estimated; no less than two-thirds 
are laid with wooden sills, or rails, and that the branch to Frederick, of 3 J 
miles, is of one track only; but they do not notice, that the viaduct of this 
road across the riv^r Monocacy, over which the Chesapeake and Ohio Canal 
Company are constructing an aqueduct of white granite, is of wood resting 
on stone piers, and estimated at a co'st, less by jS 1000 per mile, on the entire 
railway, dian the cost of this stone aqueduct; nor do they notice that no 
charge whatever is made, in the above estimate, for the fixtures and 
machinery of the inclined places at Parr's ridge, which are, however, as ne- 
cessary a part of the road, as a lock is of a canal. 

The Pennsylvania Commissioners, also, remark, that this company admit 
^< that it required 6§ months to lay down 6 miles of stone track,'' and 
"that the cost of laying with stone has been underrated in every instance," 
but they do not remark, that the reason given by the Railroad Company, in 
their last annual report, for not using stone on two-thirds of their road, or 
pn their Monocacy viaduct, is, that the adjacent country could not supply 
it; and, if this be true, to replace, hereafter, the wooden, by stone rails, must 
be a work of much enhanced cost; 

Making due allowance for all these considerations, it cannot be deemed 
unreasonable to estimate the construction of the Baltimore and Ohio rail- 
road, when made of durable materials, and with two tracks, at a cost not less, 
at any rate, than 30,000 dollars a mile. 

It would have been very gratifying to public curiosity, if the annual report 
of this company, made early in October last, had either stated the amount 
of the dividend of profit on the stock of the company, for the preceding 
year, which was done by the antecedent annual report, and then promised 
for every succeeding year; or that this report, which does state the cross 
amount received for transportation, had also stated the nett revenue oi the 
company, from the 1 3 miles of the railroad, the only part which has been 
in common use, and the part, on vv^ich, the former dividend was declared. 

This information would have cast some light on, by far the most im- 
portant question remaining to be solved, at least in the United States, as to 
the annual expenses attending the transportation and repairs of railways, 
compared with canals. As to their relative prime cost, it is now to be pre- 
sumed, that the current error which l)as hitherto prevailed on this subject, 
has been corrected by actual experience, the best test of truth in every 
bran(^h of practical philosophy. Whatever may be the scientific calculations 
in Europe, the actual, as well as estimated cost, per mile, of the Maryland 
and Pennsylvania railroads, designed to consist of two tracks only, exceeds 
the average cost of their canals. 

With regard to the only railroads in America, in relation to which we 
have any disclosure of the annual cost of the repairs, and expenses of trans- 
portation, other than tolls, it must be admitted, on the concurrent authori- 
U'es^ already cited in this appendix, from New York and Pennsylvania, that 
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fhey gre^ttly exceed the usual cost of repairs, and the long and well established 
ttfie of carriage on canals of ordinary dimensions. 

fn relation to the Baltimore and ()hio railroad, it is understood that every 
^i*H$' r9?pec(ing the original purchase and repairs of the oars, or vehicles for 
inaTispiertatipn, Is Mnder the care of a, special committee of the directors, 
whose expenditure on these subjects, for the preceding year, does not ap- 
pear in their late annual report Indeed, neither the gross revenue, nor the 
expences of transportation, between October, 1830, and January, ISdl, ap- 
pears in that report. 

In a table of the aggregate revenue* from tonnage and passengers, from 
January, to September, (both months included,) of 1831, the gross amount 
stated to have been received is £27,949 74 cents, for passengers, and ft4,155 
50 cents, for tonnage; making a total sum of $31,405 24 cents. 

In anothei^ table, under the head of << expenses of transportation,'^ from 
-which, might be inferred, but/or the preceding report ofthe Superintendent, 
ihatthe total expenses were meant, we have an analysisi which excludes 
ihe prigin^l cost of the carriages, and even the interest on that eost, as well as 
any estimate or charge for their repairs as well as those ofthe road itself. The 
recapitulation of those expenses furnishes. 

For th? undefine«^ item of ** Moving ftow^r ^^^ - - ^5,536 55 

Drivers and engine men, - 1,760 45 

Agents and conductors, ^ 1,901 39 

Depot expenses, - • ]l,066 39 

Oil, ' • -I « 254 98 

Contingencies, *• • 482 18 

Making the tQti^] expenses of th^ preceding nine m^ths, 310,994 87«'^ 

On the 19th page of the report, <Mhe machinery VLiii\ moving power^'^^ 
are treated of under one head; buit, if the phrase <' 'moving powety^* applies 
to the animal labor^ and also to the locomotive steam engines employed ti> 
propel the earria|[ea, it is presumed that the post of the caTriagea, and of their, 
repairs, is not inpli^ded in the above list of expenses f ai^d so we are, accord* 
ingly, told by the Superintendent. . 

In the estimate accompanying this report, of the anticipated expenditures 
ofthe company, during the ensuing twelve months^, ^^ the construction of 
the necessary cars and locomotive engines is computed at 9150,000^^^ 
(See page 102 of the report.) Some expenses of a similar character mih^t 
have occurred, in the nine months of the pasty ear\ but, after a diligent ex- 
amination, it does not appear that any part of them have been charged upoa tkep^ 
current receipts for transportation, or on the revenue of the year. 

In like manner, the Superint^dent of construction, on this road, in his re«^ 
port to the principal §ngine^r, of the 30th of. September, 1831, apprises him. 
that the *< railway in thft city and first division ofthe road has ufidergonf^ 
; I thorough cxaminatioiti^, ;ind such repairs^ as appeared necessary^ have bc^a 
) sade:'' and we learn frQtn !the 12 th page ofthe report, tbfit this first di*^ 
1 vision extends to Ellj^otl's mills, or all the road in use^ But there, no;^ 
\ rhere, sppeani ;iny statement of the cost of the repairs of this division, noir 
jd '•C5 the gneas uerignue, appear any where to be charg^ed-with dipm, op wifft ^ 
a my pg^f^^A/tUL if^et^ it is \^ry ohyipus, that the* act^. <^ti oC oacmr ^ 
' ** '^Vir ^> CAmiot^s ascertained,. XCM)?PWt a due^r,efpr^iWft;te tblMftiltar ^^ ^ 
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Although, therefore, the annual report of this company explicitly states, 
that, *^ upon reference to the report of the Superintendent of transport a- 
iiony hereto annexed^ it will be seen, that 81,905 passengers have passed 
on this division, since the first of January last, and that, within the same 
period, 5931 tons have been trapsported upon it, yielding an income of 
j831,405 24 cents, and involving an expenditure of glO,994 87 cents," it 
is very evident, that this is not the only expenditure involved^ in this trans- 
portation; and that, so far, the statement of the report is calculated to mis- 
lead the public judgment, as to the proportion, between the gross receiptS| 
and the nett profit on the transportation of this railroad. 

Indeed, the preceding statement of the President and Directors, in their 
annual report, is the more extraordinary, since the Superintendent of trans- 
portation, whose annual report to the President, is quoted by .them, most 
expressly says, in the body of his report^ that he has ^^ exhibited a return of 
the actual expenditures by t^he company, under the head of ^ expenses of 
transportation^^ amounting to 8110,994 S7 cents; but these^ as will be per- 
ceived, '^ he candidly adds, ^* do not includ^any charges for the construe- 
iionj the repair Sy or the wear and tear of wagons and cars; and he pro- 
perly adds, as the reason, ^Hhat branch of the service of the company being 
under the immediate care and superintendence of a committee of the 
board.'^ A fact, to which, this is the only allusion, in their annual report 
• In the "general remarks" of the engineer in chief of this company, on 
the 100th page of this report, he states, as a result of those ^< improvements 
on Winan's car," which have so greatly reduced the friction of railroad 
carriages, that "the working effort of a horse, on a level, would draw IS 
tonsy 2i miles per hour." 

Now, if these improvements have been introduced on this road, which 
cannot be doubted, we have againiSt the authority of the engineer in chief, 
that of the Superintendent of transport ationy who, on the 129th page of 
this very same report, s^ys, ^^ that for some months past, a series of experi- 
ments have been made, with the view of ascertaining, jt7rac/2Ctf//y, the force 
of traction, at a slow draft y horses can exert, consistently/ with ihepreser^ 
vation of their vigor and health. It has been found that, graduated, as 
Hiis road is/'- (its graduation and masonry alone, the same report states to 
have cost g46, 354 5Q cents, per mile,) «'and each horse moving 3 miles 
per hour, he can traverse the 13 miles westwardly with 7 tons, and return- 
ing he can transport 10s tons." In going, let it be remarked, the horse 
reaches a higher plane, in returning, he descends to a lower. 

The Superintendent's report corresponds with the British authorities on 
the same subject; but, if the maximum power of a single horse, on a level 
railroad, when drawing Winan's improved car, be computed, as it has been, 
by the engineer in chi^oi this company, and it is very probable that he 
does not underrate it, since he makes it near twice the British estimate» 
still, the Chesapeake and Ohio canal has nothing to apprehend, from the ex- 
ertion of animal power, on this rival railway; a single horse having drawn, 
at his usual walk of 2} or 3 miles an hour, with apparent facility, more than 
fifty tons, on this canal, for many hours together. 

By turning to the analysis made by Josiah White» the able director and 
superintendent of the Lehigh Coal and Navigation Company, it will be seen, 
that the annual repairs of carriages on the Mauch Chunk railroad actually 
amounted << tp two-thirds of a cent a ton per mile;" while the same autho- 
rity iapprises the public^ that the total cost of transportatioDi on the Erie 
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canal, "for boats of 40 tons burthen," is ^ one cent per mile, full loads 
one way and returning empi^.^' " Calculating on the same data, on a boat 
of 67 tons, (33 tons less than the burthen of those of the Chesapeake and Ohio 
canal,) such as will be adapted to the Delaware canal," he makes the cost of 
transportation " seven-tenths of a cent, per ton, a mile." The mere ex- 
pense of the repairs of carriages omitted, in the last annual report of the 
Baltimore and Ohio Railroad Company, from among the items of the cost 
of transportation on their road, will, therefore, be found to exceed the en^ 
tire co^t qf transportation on the Chesapeake and Ohio canal. 

There remains, in fact, but one element of a just comparison between 
those works, to be ascertained by experience, to determine the relative 
economy of their use; that is, the sum requiredijbr their respective annual 
repairs, or to maintain against natural decay, and injury from use, the 
value of the fixed capital vested in them, respectively; that capital being, in 
fact, proved to be, very nearly, the same in amount Railioads, as often, ex- 
ceeding canals in their original cost, as they fall short; and the price of both 
being equally dependent on their location, and dimensions, and the peculiar 
character of the ground over which they respectively pass. 



In further illustration of the relative coat of railroads and canals^ the 
following extracts are made from the memorial prefixed to theappen^ ■ 
dix of Doc, IS, relative to the plan and probable cost qf the Vhtsa* 
peake and Ohio canal. 

The condition of the Chesapeake and Ohio canal, and of the funds of the 
company, at the period of the general meetine of the stockholders in June 
last, is disclosed in the accompanying annual report of the President and 
Directors, to the stockholders, at their la^t annual meeting; in the annexed 
tables exhibiting the cost of its various works, and the report of the manner 
of their executio4t made by Colonels Abort and Kearney, of the corps of 
United States' Engineers, to the Secretary of War, pursuant to an order of 
that department 

From these documents, it will appear that the construction of the canal has 
been completed as far west, as no legal obstacle opposed its progress; that, 
for forty eightl .miles above Washington, its various works had been, with 
scarcely an exception, faithfully executed; and that, between its first and 
second feeders, where the greatest physicial obstructions were to be overcome, • 
its navigation has been long in active use. 

From these facts, it may be inferred that the construction of the canal, but 
for the injunction of the Chancellor of Maryland, might, in the same time, 
have been carried, as far up the left bank of the Potomac, as the funds of the 
company would wrjrant; as it may, from the actual cost of the part which 
has been completed, that the expense of the whole eastern section, makine 
but a reasonable allowance for the great enlargement of its dimensions, will 
not much exceed the estimate of Messrs. Geddes and Roberts, nor that of 
prior date, by the Central Committee of the Chesapeake and Ohio Canal 
Convention, from the proceedings of which, the charter of the present com- 
pany originated. 

Those estimates were applied, respectively, to three different canals, or to 
three several dimensions of a canal, passing, as nearly as practicable, over the 
same ^ound. The estimate for the first oC tte,'9fc,\Na?«YEv^^^RR. ^'sssifc ^s$»asa. . 
and dimensions with the State canals oi "S^yi XwSl^ "^^^ocMs^^ssa^ «*| 
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Ohio, VIZ. being forty feet at the surface, and four feet deep, and extending 
from Georgetown to Cumberland, a distance of 1863 miles, amounted to 
the sum of 04,008,065 28, or (21,461 87 per mile; for one extending the 
same distance, and along the same shore of the Potomac, with a breadth of 
48 feet at the surface, and a depth of 5, they computed at 94,380,991 68, 
or 823, 191 38 per mile; and for a third, of the same depth with the second, 
but having, for 126 of the 1861 miles, a breadth at the surface of 60 feet, 
and at bottom of 42; they computed at 04,479,346 73 or at $23,985 79 per 
mile.* 

The difference between these isstimates, when compared with the relative 
resistance to be encountered by the same boat, in passing along these several 
canals, induced not only a preference of the largest of the preceding plans, 
. but an enlargement df that, to a depth of six feet Accordingly, the canal 
placed under contract, and now nearly completed, is no where less than six 
feet deep; and, except for about three-fourths of a mile, made yp of short 
spaces, here and there, at which, on account of peculiar difficulties, it is re- 
duced in breadth to about fifty feet, its least width at the surface is sixty feet, 
and at bottom forty-two feet; affording a cross section, of 306 feet It may 
be proper,[here to remark, that the cross section of the New York canals is 1 36 
feet only, and that of the canal recommended by the United States' engineers, 
no where exceeds, and often falls short of 202) feet 

The locks of the Chesapeake and Ohio canal are, consequently, one foot . 
deeper, and beinjg in their chamber 100 feet by 15, they al*e ten feet longer 
than those recommended by Messrs. Geddes and Roberts. They exceed in 
depth, to the same extent, those proposed by the United States' Board of 
Internal Improvement: and though less in lensth by 4 feet, they exceed the 
latter by 1 foot in breadth, being calculated tor boats ninety feet long and 
fourteen feet eight inches wide, drawing four feet water, capable of carrying, 
each, one hundred tons, and of being propelled by the labor of two, or at 
most of three horses assisted by two men and a boy. ,, r 

The breadth of this canal being about <^four and a half times^the breadth of the 
boat, and its cross section very nearly six times that of the boat, the latter 
will move with a moderate velocity, as on an indefinite expanse of water." 
But, the company extend their views beyond this result Turning to 
practical advantage the rock which abounds every where along the line oithe 
canal, and which has so greatly enhanced its first cost, they purpose, by wall- 
ing its inner slopes, not only to obviate the necessity of future repairs, but, 
also, ,to fit this line of communication between the east and the west^ for the 
use of steam, as its propelling power. 

On the Chesapeake and Delaware canal, the breadth of which was design- 
ed to be sixty, and its depth eight feet, a velocity of seven miles an hour has 
been already attained by animal labor, and has superseded a resort to land 
transportation, for persons as well as property, across the peninsula between 
the cities of Baltimore and Philadelphia. « 

Economy, rather than velocity, being the great desideratum in the transpor- 
tation to market of the very heavy and bulky products of the*American forests, 
ij^jnes^ and agriculture, the purpose of this canal would have been accomplish- 
ed without looking to this powerful agent By the efficacy of steam, how- 
^MO combined witli the enlarged volume of the Chesapeake and Ohio canal, 
peasagp bosits, it is believed, may be expedited on its suriace with a rapidiUr 
fur ^t present, only on the best improve&mvii tk»Av Iw this anti- 

-ftkme eatiinatet, there wm dfmb\Wii« % V»«il tartwr tmMK\XA^\& >\A%ar*. 
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cipation, your memorialists make no allowance for those discoveries which 
are daily surprising the world with new applications of art and science to 
human use and comfort They do, however, confidently rely on the very re- 
cent experiments on the Ardrossan, as well as upon the Monkland, the Union, 
and the Forth and Clyde canals of Scotland, referred to in the annual report ap- 
pended to this memorial, which have demonstrated the fallacy of all former 
philosophical calculations, of the resistance encountered hy boats moving on 
a canal with differeht velocities. 

Without greatly increasing the propelling power of the passage boat, or 
materially endangering the abrasion of the banks of a canal, the speed of such 
boat may, it has now been demonstrated, be accelerated, from six to nine, 
ten, or even twelve miles an hour. The previously established ratio of the 
resistance to the velocity of the boat applying, it is now discovered, to slow 
and not to quick motion. 

Should the views of the Chesapeake and Ohio Canal Company, meet the 
approbation of the several parties to their charter, and the western section of 
the canal be immediately begun, and conducted up the Monongahela and 
Yougheogany rivers, the portion of the canal between Pittsburg and Con- 
nelsville may be first executed, being a distance of less than sixty miles. 
A canal extending 583 miles above rittsburg, having a depth of six feet 
water, with a breadth of sixty feet at its surface, and forty-two feet at bot- 
tom, overcoming an ascent of 146 feet 4 inches, by nineteen locks, has been 
computed, by two practical civil engineers, Messrs. Roberts and Cruger, of 
New York, to cost 91,718,633. 

This estimate, includes no allowance for land rights or fencing; but it 
computes the entire lockage above mentioned at 9I9OOO the foot lift, the slope 
walls at more than one dollar the perch, and these two items, taken together. 
At more than a fourth of the entire sum above mentioned; while the heavier 
expenses o{ excavaiion and embankmenl fConsiitxitingy together, more than 
a moiety of the whole cost of the canal, are computed at more than the actual 
cost of the like items upon the part of the eastern section of the Chesapeake 
and Ohio canal already completed. 

The average cost of more than three and a half millions of yards of embank- 
ment, exceeds eighteen cents, and of two millions of yards of excavation, 
twelve cents the cubic yard. On the western section of thp great State canal 
of Pennsylvania, the reports of her canal commissioners show, that every de- 
scription of work was done on cheaper terms, than on the eastern section. The 
preceding sum may, therefore, be considered as the maximum cost of so much 
o£ the western section of the Chesapeake and dhio canal. With the liberal 
patronage of the United States, and such further aid as the State of Pennsyl- 
vania and individual enterprize within that commonwealth and elsewhere 
may afford, this sum will be, it is hoped, readily obtained. 

Having completed one half of the portion 01 the canal between the west^ 
ern basis of the summit level and Pittsburg, there will remain but 27 miles of 
the other moiety of this distance to be provided for, in order to reach the 
mouth of Casselman's river, a point on the line of the canal in the vicinity of 
the Cumberliind road. By the route of that road, this point is about 44 miles 
from Cumberland, the western termination of the eastern section of the 
Chesapeake and Ohio canal; by the route surveyed for the canal, about 67 
miles; thirty-one of which lie between the mouth of Casselman's river and 
the western basin of the summit level. 

It is apparent, therefore, that there will be several stages of this work 
where a pause may be made in its prosecution, without the iosa of all benefit 



286 [ Doc. No. 101. ] 

from the portion of it which will have been completed. To this view, may 
be superadded, the highly important consideration, that the part which may, 
at any time, have been accomplished, will aflTord increased facilities for the 
more speedy and economical construction of the Residue, and, in the interim, 
will contribute, by its profitable use, to the advancement of the public wealth 
and the general revenue of the company. 

The memorialists having explained the motives which prompted the 
adoption of a plan of such enlarged dimensions for the eastern section of the 
canal, in order to obviate objections to the immediate commencement 
of the western section, return to the estimate of the probable cost of 
the former. With the view of shewing the competency of the funds, on 
which a reliance has been hitherto had for the completion of this section of 
the canal, they .proceed to demonstrate, or reader probable at least, the truth 
of their statement, as to the proportion which the cost of the part of this sec- 
tion now under contract, being that to the east of the " Point of Rocks,'' 
may be expected to bear to the greater portion extending to the west of that 
point, and east of Cumberland, along wnich their progress has been hitherto 
obstructed. For this purpose, they add to the statements of the last annual 
report, the following considerations: 

Not only have the provisions hitherto consumed on the canal been trans- 
ported a considerable distance, but nearly all the hydraulic lime for its costiy 
aqueducts and its numerous locks and culverts, has been obtained from the 
New York canals, or from the Potomac quarries near ShepherdstowH, twen- 
ty-five miles west of the " Point of Rocks,'' along a navigation so obstructed 
as sometimes to double its prime cost at the kilns on the river shore. Much 
of the stone for this masonry has been alike transported, and no small part of 
it by land, for great distances, and at great expense. Two dams, one of them 
exceeding half a mile in length, have been required across the widest j)art of 
the Potomac, to force the water of that river into the necessary feeders; Und 
the expense of their construction, as well as of two considerable aqueducts, 
and of 28, of the 72 locks, required on the eastern section, are comprehended 
in the estimated or actual cost of the forty-eight miles of canal next below the 
<< Point of Rocks." 

Two other causes have powerfully contributed to swell the expense of the 
work already executed. The ususJ ill health, for a certain season of every 
year, of the valley of the Potomac, below the Kitoctin mountain; and the 
competition for labor on the canal, with two considerable works, the Balti- 
more and Ohio railroad and the Susquehanna and Juniata canal, of Pennsyl- 
vania; the former approaching very near, and the other not one hundred 
miles distant from the line of the Chesapeake and Ohio canal. Both causes 
have conspired for two years past to raise the wages of ordinary labor very 
far beyond the price anticipated when the estimates of the Washington con- 
vention were made. One of these causes will, in a great measure, cease, after 
the^canal shall have ascended the Potomac to the healthy country above the 
" Point of Rocks;" and the final completion of the great State canal of Penn- 
sylvania, will shordy limit the operations of the other. 

Without taking into account the probable reduction of the prices of mate- 
rials and subsistence, as well as of the wages of labor in the more fruitful 
country above the Kitoctin mountain, your memorialists are sustained, as well 
by experience, as by a cotnparison of the relative difficulties that were to be 
encountered by the canal, below and above the Blue Ridge, in computing the 
cost of the first sixty miles, between Georgetown and Harper's Ferry, at 
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much more liian a third of the entire expense of the eastern section of 186 i 
miles. 

For the cost of the twelve miles of this distance, immediately below Har- 
per's Ferry, not already placed under contract, they rely on the frequently 
repeated estimates of practical engineers, corrected by a reference to the price 
of that part of the remaining 48 miles actually placed under contract, and at 
this time, either completed, or very nearly so. No part of these twelve miles 
nor of the 126 miles above them, presents obstacles,.as difficult to surmount, 
as those which have been successfully encountered on the part of the eastern 
sectibn already finished. The twelve miles next above the Kitoctin moun- 
tain, and below Harper's Ferry, comprehend but a single dam across the Po- 
tomac, at a place where the river is much narrower than either at Seneca or 
the Little Falls; and there are, in , this space, but three lift locks to be added to 
the 28 below the '' Point of Rocks." 

Assuming, therefore, the present enlarged plan of the Chesapeake and Ohio 
canal to be the permanent basis of the dimensions of the entire eastern section, 
and computing the total cost of the section at near thrice the actual cost of the 
6p miles next above Georgetown, and about five millions of dollars would be 
found to be the sum required to reach the town of Cumberland. It will prob- 
ably reach five and a half millions. From this estimate, the work within 
and immediately above Georgetown is excluded, under a conviction that 
the mole and basin, at the mouth of Rock creek, willrepay all the expenses.in- 
curred there, except on the locks. As these would have been required to de- 
scend to the tide, had the canal stopped above this town, they are comprehend- 
ed in the preceding estimate. 

For the mountain, or middle section, over which the Chesapeake and 
Ohio Canal Company are authorized to construct, either inclined planes and 
railways, or a continued canal, the memorialists have, however, never 
ceased to indulge the confident hope of assistance from that Government, 
which, createdfor the purposes of union and commerce, cannot be insensh- 
ble to the claims ofboth these great interests upon the vigorous exercises of 
its powerful energies to remove every impediment to die easy intercourse 
of the Atlantic and western States through the centre of their common ter- 
ritory, and the seat of their common Government 

A plan for effecting this desirable object, has already received the appro- 
bation of the memorialists, and was sustained in an application to the Pre- 
sident of the United States, on a recent occasion, by a large proportion of the 
House of Representatives. The doubts expressed by the Chiei Magistrate of 
his power to employ the army on works of internal improvement, if stilt exist- 
ing, it would, it is presumed, be in the power of Congress to remove in con- 
formity with the past usage not only of other Governments, but with that of 
the United States, and the earnest recommendation of the Department of War 
in the second year of Mr. Monroe^s administration . Shoula the direction be 
given to the labor of a part of the public force which that recommendation en- 
forced, there will remain to be provided only the portion of the western 
section of the canal lying between the AUeghanv mountain and Pittsburg; 
and, ybr this portion, an appeal is most respectfully addressed tothe enlight- 
ened patriotism of the representatives of the States and people of America, 

Should the western section of the canal be retarded in its progress from 
Pittsburg towaixls Cumberland, by a suspension of it,* for any considerable 
period, at any one of the points suggested above; should it, for example, be 
prosecuted no farther than t|;ie mouth of Casselman's fiver, it will, even 
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there, have arrived within a few miles of the national road, which already 
connects the Youehoeany, at Smithfield, with the Potomac, at Cumberland. 
Through the application of the various mineral treasures, apart from the 
productions of the agriculture, and of the forests of the country between Smith- 
field and Pittsburg, a part of the resources for the completion of this section, 
would be speedily developed by the canal itself. It is, therefore, believed 
that, ifasubscriptionbeauthorized, by Congress, for this purpose, to the ex- 
tent of a single million, it will elicit a capital sufficient to defray the cost of all 
this central communication, except i7j summit levels and die descending 
planes or locks which are»designed to connect it with the lines of continuous 
canal, stretching to the east and west, from the base of the Alleghany moun- 
tain. 

To open, through this great barrier, from the Gulf of Mexico to the Chesa- 
peake bay, an easy avenue of trade and intercourse to millions born and un- 
born, is, of itself, a work of such magnitude^ as to require that it be commenc- 
ed and prosecuted on a plan oi suitable dimensions and with adequate re- 
sources for its speedy completion. It is for the Federal Government to 
sanction the one, since it is probable that it is, alone, competent to provide 
the other. 

The memorialists would here' close the appeal, which they have presuiw- 
ed to make, to the wisdom of Congress, in behalf of the western section of 
the canal, if they were not imperiously required, by a report of a former .com- 
mittee of the House of Representatives, to consider and to remove an objec- 
tion to their whole enterprise. 

To the memorials of the numerous citizens of Pennsylvania, who prayed 
for the aid of the General Government towards the construction of the 
weslern section of the Chesapeake and Ohio canal, the Committee on Inter- 
nal Imjirovements, to whom these memorials were referred at the first ses- 
sion oi the last Congress, replied, *< that they duly appreciate the great and 
national importance of a communication between the western waters and the 
navigable waters of the Chesapeake bay, as is manifested in their report of 
tli^ l^th of February, 1830, on the memorial of the Baltimore and Ohio 
Railroad Company. '' 

The committee further stated, that, actuated by the same <* desire of af- 
Tordli^ to the Government a satisfactory experiment upon which it can de- 
cide, Whether a preference ought to be given to a canal or railroad, as the 
mode of conveyance over the mountains, they deem it inexpedient, at pre- 
sent, to make the appropriations, as the western communication, in the 
opinion of the committee, should correspond with the one leading over the 
mouiit2\^ns." 

Such, the memorialists beg leave to remark, had not been the course of 
Pennsylvania, who is proceeding to connect, by a railroad of about 40 
miles extent, across the Alleghany, her Conemaugh and Juniata canals; nor 
that of the Hudson and Delaware Canal Company, who combine a railway 
of 16 miles, overcoming an elevation and descent of 1768 feet, with a canal, 
exceeding in length one hundred miles, in order to reach the Lachawannock 
coal mines, from the North river; nor of the "Lehigh Coal and Navigation 
Company," who, for a similar purpose, have connected a canal and still>water 
navigation of 46 miles on the Lehigh, with a railroad of 9 miles, between 
Easton, on the Delaware, and Mauch Chunk. This last mentioned work 
overcomes, by its railway, a descent of more than 700 feet, and has, in a 
distance of 46 miles of mi;ccd navigation, 47liftlockS| 6 guard locks, and 



[ Doc. No. 101. ] 289 

9 dams. The use, moreover^ of its railway, long preceded, in point of 
time, the eommeocement of its canal. 

The memorialists aver, that» at no period whatever, either ttefore or si nee 
the prosecution of the great enterprise in which they are engng^d, have they 
been unmindful of the progress of the science of internal impnovement either 
in Europe or America. 

While the proceedings of the founders of the rival enterprise of Baltimore 
disclosed the grounds of their preference of a communication With the west, 
by " a direct railroad, " rather than by the course of the Chesapeake and 
Ohio canaly along the winding valley of the Potomac, the friends of the 
latter had no motive to deceive themselves or others. If such a communi- 
cation were likely to supersede the use 6f the canal, while the former 
kept its avowed direction, and could not possibly interfere with the latter, 
the undersigned had not the power to arrest its progress, had they ever mani- 
fested or felt the disposition. They accordingly consulted all the informal 
tion which the essays of scientific writers, or the actual experience of Eu- 
rope or America could supply, in relation to the relative advantages of these • 
different modes of transportation. They not only availed themselves of the 
reports of incorporated companies, of the matured judgment and counsels of 
practical civil engineers, but carefully inspected all the materials for a correct 
decision upon this interesting subject, which thje advocates of the * ^direct raiU 
road\ from Baltimore to the Ohio," could, themselves, supply. 

These inquiries ended in a conviction which remains to this day unshaken, 
that such a canal as they have planned and partly executed, will furnish a 
much cheaper mode of transporting the heavy products of American indus- 
try, than any railroad whatever; and especially, than one, the cost of which 
shall not very greatly exceed that 'of the Chesapeake and Ohio canal. In 
this opinion, they are fortified by all the recent information which they 
have been able to obtain from Europe or in America, as well as by the con- 
tinued practice of various incorporated companies, and States of this Union. 
Let it be remarked, that not a single, canal in Europe or America has yet 
been converted into a railroad; that, from those very railways'in America, 
on Which reliance was early had to establish the superior advantages of rail- 
^ roads over canals, abundant testimony has been obtained to disprove the 
truth of this position, while the reference, so often repeated, to the experi- 
ment now in progress between Liverpool, the chief western port of En- 
gland, and Manchester, her greatest inland manufacturing town, through 
her richest and most extensive mineral and manufacturing district, if it 
manifests any thing at all conclusive, on this subject, demonstrates the utter 
unfitness of this species of communication to the very uneven as well as un- 
improved surface of the country, between the tide of the Atlantic and the 
Ohio, and to the present condition of the wealth, arts, and population of the 
United States. 

The construction, of this road, about 30 miles long, has been the labor of 
«ix years, attended with the cost of about S 140,000 a mile. Its highest ele- 
vation above tidewater is 140 feet; its patrons originally proposed by it, to 
reduce the cost of ti^pinsportation between Liverpool and Manchester, from 
15 shillings sterling a ton, to 10 shillings, or eight cents a ton per mile — a 
price which, when compared with the average cost of carriage on the canals 
of the United Slates, exceeds the latter in the proportion of three to one. 
Persons are hired along the margin of this road to sweep the dust from the 
rails, to give signals of accidents, and, after all, a report of its proprietors ac- 

37 
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luiDwIedges that the wear and tear, both of the carriages and road, surpassed 
greaUy their early anticipation. 

In conformity with the sober and deliberate conclusions of experience 
from known facts, is hot only the past, but the still continued practice, as has 
been intimated, of the most enlightened States of this T.Tjiion, in all cases, 
where canals are priicticable, and no narrow interests, or local jealousies 
have arisen to obstruct their execution. New York, Pennsylvania, Con- 
necticut, and Ohio, may be confidently cited to sustain this authoritatiYe 
. appeal to experience. 

A report on the long contemplated and much desired union of the waters 
of the Delaware and the Raritan, adds to these authorities the weight of . the 
commonwealth of New Jersey, whose proceedings in connecting thfe waters 
of her rivers, have been marked by so much prudence and circumspection. 
A the language of the committee, to whom was referred the subject of the 
Delaware and Raritan canals, addressed to the House of Assembly of that 
State, in January, 1829, in answer to the suggestion that ** there is time 
enough to profit by additional experience," your memorialists admit that 
**s6ience is daily improving," but, like the authors of that able report, they 
are not willing, and they trust, that they shall not' be required, to delay a 
great national enterprise "till time ceases to shed new light," and "science 
pauses in her career." "7V»ic is money,'* and "time stops for no man," 
are maxims applying with peculiar force to all such enterprises. The Che- 
sapeake and Ohio canal, the long contemplated object of unceasing solicitudle . 
and unwearied labor, can be completed, in jBve, as reaJily as in fifty years. 
On the other hand, the experiments of ihe relative utility of railroads and 
canals, which have already occupied more than one-fourth of a century, are 
still, it would seeiri, regarded as inconclusive. Many years would yet bere^ 
quired, and much capital of necessity be wasted, were the particular experi- 
ment instituted, which the Committee on Internal improvements of the last 
Congress proposed, before it would be definitely settled, by the comparative 
expense, for a series of years, of the annual repairs of the Baltimore and 
Ohio railroad, and of the Chesapeake and Ohio canal, to say nothing of their 
orieinal cost, and their annual receipts. As the one deteriorated, it might 
be found that the other improved, from use. The very question, so often 
triumphantly urged on one side upon the public notice, touching the rela- 
tive speed of transportation, along two such lines of communication,^ could 
be fairly tested, only by the long continued use of both^ with equal amounts 
of tonnage. That railroads should be constructed in Great Britain, where 
canals have so long afforded a monopoly of enormous profits, and have, in 
fact, appropriated to themselves almost every stream capable of being divert- 
ed from its natural channel, to their support, furnishes no very conclusive 
argument in favor of their superiority in America, a country in which the 
navigation of so many considerable rivers yet remains to be improved. Nor 
is the advance of the prices of railroad stock, in England, to fifty, or even 
to one hundred per cent, above pai', at all more conclusive on this point, 
since, in the very same money market, canal stocks are*still, in some cases, 
a hundred, in others a thousand, and even two thousand per cent., above par. 

The time, though remote, may, possibly will, arrive in America, when 
me7*e speed of tra?ispo7*tatidn will warrant tHe very heavy cost of con- 
structing railways of such graduation, and of so many different tracks, as to 
admit of various velocities, for persons and property, moving at the same 
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time in opposite directions; and of the substitution^ on each of those tracks, 
rf locomotive, or even of stationary steam engines, of various powers, for 
animal labor. When this period does arrive, it will be time to legislate for 
^; until tben, it is demonstrable that canals cannot be profitably turned into 
hilroads. 



ixiracts from note E. qfihe appendix in Doc. No. 15, designed for the 

same purpose as the preceding. 

From the character of tlie canal already completed below the Point of 
ftocks, and especially of that part of it between the 11th and 33d sections, 
m well as in the vicinity of Georgetown, it must now be apparent that the 
fetrly assurance given to the public, that the entire eastern section could be 
tnished in three years from its commencement, might have been realized, pro- 
rided no legal obstruction had impeded its progress, and adequate funds could 
^ve been provided. 

It is as confidently believed, that nothing more is necessary, in order to 
sianifesit the superiority of the Chesapeake and Ohio canal, to any other mode 
Df transportation applicable to the valley of the Potomac, than to bring it into 
actual use above the obstructions of that river, at Harper's Ferry. 

The annexed tables^ presenting an exhibit of the cost of each section of 
Ifae canal, from the tide-lock in the mole at Washington, to the Point of 
Itocks, and of the estimated cost of the twelve miles above that point, which 
^main to be constructed, in order to reach the mouth of the Shenandoah, 
"will show that the work above Georgetown, done, and to be done, on the 
lirst sixty miles of the canal, will cost about 30,000 dollars a mile, exclusive 
«f contingencies^ In one of those tables, a comparison is instituted between 
ihe actual cost of this work and the estimate made of it by the United States^ 
engineers, who terminated their calculations at Market street in George- 
toirn; where they proposed to form a basin, and to which, therefore, this 
comparative view is made to descend. 

For the sake of any inference which may be drawn from this comparison, 
b should noi be forgotten, that the breadth of the canal, at the water-line, 
rt'as designed, by the United Slates* engineers, to be 48 feet, its bottom 33 
tiet, and it^ depth .5 feet; of which, they say, "this transverse section is tp 
>e modified, where local circumstances require it, and more especially, in 
•he cases of deep cutting, steep side-cutting, embanking, and also where the 
:Qnal is supported by walls. The depth of 5 feet has been preserved 
hroughout the line, but the breadth has often been much lessened " 

The actual canal, on Ihc contrary, is 60 feet wide at the water-line, 42 at 
bottom, and 6 feet deep, and has been reduced in brearfith, below these di- 
iiensionti, though all the above contingencies frequently occur in its course, 
br less than a single mile altogether, of the 48, now very nearly completed, 
t is, indeed, much more frequently enlarged than reduced; it is never less 
han 6 ,feet deep; and where its breadth, as for the four miles next above 
Georgetown, is less than 80 feet, its depth is extended to seven feet below 
he top water line, forming a cross-section, throughout, of about 4ig0 feet 
aelow water. 

To compare Ihese two canals together, the surface of their respective tow- 
paths and berm-banks being, wit!n the same inside slope, two feet above 
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* their water-line, it should be considered, that th^ir entire crota sectioi 
mean breadth, multiplied into their depth, are to each other as 492 to 3 
and the cross sections of their water-prisms, where the largier is only ' 
deep, as 306 to 202.5. 

The breadth of the tow-path of the larger canal is, also, constructed 
feet wider than that required by the estimate of the smaller; the culv< 
the larger are never reduced to a less length, than a canal of 60 feet br 
requires: all of them are constructed, where practicable, so high, as t 
ble a laborer to walk erect through them, and several are enlarged to d 
sions which will permit loaded wagons, and all other conveyances foi 
sons or commodities, to pans under them. The locks are four feet ■! 
than those recommended by the United States' engineers; but they 
the same time, a foot wider and a foot deeper; and they are all const 
of cut-stone masonry, laid in hydraulic lime, without any use of co: 
linie, except in the backing of a few of them, where, in the faciof 
English Roman cement was freely used. Grubbing will be found i 
have been included in the estimate of the United States* engineers* n 
incidental expenses of excavating and embanking the locks, constr 
houses for lock-keepers, nor the necessary improvements developc 
opening the canal, by the admission of water. These items in tha 
swell the cost of the actual canal 1 10,000 dollars; on the oiher hand, tl 
of but one permanent bridge, and an allowance of 4,400 dollars fpr thi 
the bridges above the Market house in Georgetown, is included in tl 
of the part of this panal above that town. The cost of fencing, esti 
fay the United States' engineers at 54,900 dollars, although not inclu( 
the actual cost of the work, is comprehended, in the indemnities.! 
ed by juries, and the compensation voluntarily agreed on, or the ■ 
paid, for the land purchased of the adjacent proprietors in behalf i 
company, between the canal and river. 

The United States' engineers considered their estimate, moreover^ i 
sibly covering the usual allowance of five or ten per cent for unforsee 
tingencies — some of which are comprehended in the co.st of this part 
actual canal, and others of which have been already noticed in this i 

As might have been expected from the enlarged dimensions of tb 
and embankments of the new canal, the quantities of the work estiti 
and done^ essentially and greatly vary. The cubic yards of emban 
estimated by the TJnitcd States' engineers, for the canal below Hi 
Ferry, amounting to 748,580 yards, and, if the puddling be added, 
does not seem, from the estimate of its cost, to have been designed ti 
the quantity of the embankment, to 1,056,710 cubic yards; while the 
embankment, including the puddling, as Uie calculation requires, adi 
the estimated quantity of that remaining to be done, amounts to 1,75 
exclusive of the embankments around the locks, which are separately 
ed in account, and wTiount to no inconsiderable quantity. 

The excavation and the walling are, in quantity, nearly the samei t 
differing in cost near {8740,000. The walling of the actual canal e 
that of the estimated, less than 14,000 cubib yards, while the comput 
of the latter surpasses the actual cost of the former near $500,000. ^ 
six culverts are provided for in the estimate; eighty-one in the canal; I 
disproportion in breadth, between the aqueducts, arises from the d: 
denominations given to them: the aggregate cost of both, on it 
canals, varyingless than 4,000 dollars, notwithstanding the grater t 
of those on the larger canal, and the peculiar difficulties attending ti 
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ction of the aqueduct across the Monocacy, which surpasses in the size 
its arches, and exceeds in length, as does that at Seneca, the dimensions 
which an estimate is given by the United Slates' engineers. 
The total difference, presented by this table, of the cost of these two canals, 
subject to the preceding explanations, 677^184 dollars, on an expenditure 
al and estimated, of 1,848,941 dollars; and this, notwithstanding the 
t enlargement of the area and embankments of the cheaper danal.* 
P^* These facts and comparisons are presented to the stockholders, and to the 
JUiiblic, in no spirit of triumph over the very eminent, disinterested, and 
%i||^ly honorable engineers, by whom the first estimate of this work was 
^nade; it is well known, and gratefully acknowledged, with no unfriendly 
-Aeling towards its future progress. This progress, indeed^ their very errors 
l^re cidculated to promote: for, having accustomed the public mind to so large 
J9ln estimate of this work, they have laid the foundation of its ultimate sue- 
Mys, hy the contentment with its actual cost and plan, and, it is believed, 
i^liHth its construction also, which, whatever dissatisfaction may elsewhere 
^tktevail, must finally pervade its early and stead} patrons, as well as the sub- 
^^ibers to its stock. 

M But this comparison will disprove, and such is one of its purposed, 
1 ^tbe allegation, recently repeated, after reiterated contradictions, that thefic- 
j.'taal cost of the Chesapeake and Ohio canal had not fallen short of thatesti- 
'l&ate, by which, the construction of its eastern section of 186 miles, ending 
'mt Cumberland, was made to reach jtl8,177,081 05, and its total cost to Pitts- 
.lllirgjt^22, 375,427 69. 

'' Lest advantage shall be supposed to have been taken in the compari- 
' 9on just closed, either of the easier ground, along the bottoms above Seneca 
mnd the Monocacy, or of the mere estimate of the work, not, as yet, begun, 
between the Point of Rocks and Harper's Ferry, the board especially in- 
vite the public Attention to the portion of the canal which is not only com- 
pleted, but has now been in actual use for several months; and, of this, to 
the tenth subdivision, which extends from the head of the Great Falls, to 
tide-water, at the old locks below the Little Falls. 

^rhe accompanying table, distinguishing the several subdivisions of the 
- ctn&U from the 7th, beginning at Harper's Ferry, to the 11th, ending at 
^Ihe Market house in Georgetown, gives to the 10th a length of 11 miles 
1023 yards in the estimate by the United States' engineers, and 10 miles 
1005 yards in the actual canal Retween the same termini; a difference occa- 
sioned .by a change of the location for about three miiles and a half of the 
way. The difference of cost, after deducting from the estimate the comput- 
ed expense of the locks transferred from the 10th to the 1 1th section, on this 
fObdivision of the canal, largely exceeds 200,000 dollars. While the actual 
excavation and embankment, together, of the new canal, surpass, in quan- 
tity, the estimated quantity of earth and rock 124,000 cubic yards, the wall- 
ing 27,463 perches, the actual cost of the three items is less, on the larger 
canal, than in the estimate for the smaller, by 265,985 dollars, although Uie 
embankment of the larger subdivision exceeds that of the smaller, in cost 
56,747 dollars, and, in quantity, including the earth puddled, in the ratio of 
very near two to one. If the quantity of puddling should not be added to 
the quantity of the earth estimated in this ratio, which is believed to be cor- 
rect, then this ratio will be as 529,933 to 150,860, or will considerably ex- 
ceed 3 to 1. 
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to about #500,000. 
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To guard against the supposition that this part of the canal passes oyer 
easy ground, here follows the description of it by the United States' engi- 
neers, in their own language, to be seen in the 49th page of a congressioDai 
•document. 

" Subdivision lOth. From the head of the Great Falls to tide, bdoir 
the Little Falls: 

Distance, 111 miles — descent, 173 feet — 22 looks. • 
From Cumberland, 183i 578 74 

" The breaking of the Potomac through the granite ridge, at the Greit 
Falls, presents, at first sight, difficulties of the greatest magnitude* The 
river gradually narrows its channel as it approaches its perpendicular pitch. 
At this point, and a little below, the width does not exceed one hundred 
yards, at a moderate stage of the stream. Here the perpendicular rock 60 
or 70 feet high, forming the banks, the deep water at their foot, the violence 
and great rise of the freshets, render truly appalling the idea of supporting^ » 
canal along this pass by means of walls. Most happily, there is no necessity 
for such a plan; a ravine, or rather two ravines, which can be rendered con- 
tinuous by comparatively little labor, extend for the whole distance between 
what is termed Bear island and the high bluffs forming the Maryland shore. 
." This fortunate circumstance will not only enable to make the canal here 
at much less expense th^n through the pass of the stream, but it will also 
procure to the work a security which neither ingenuity nor expense could 
afford on the other alternative. 

"Below the Great Falls, the gro^id, with the exception of some por- 
tions of easy execution, is generally difficult, requiring a large extent of 
walling and ot steep side cutting, for about seven miles: that is to say, as fir ' 
down as the head of the actual canal round the Little Falls," 

Although the location of this line was improved by subsequent examioi- 
tion, yet, on no canal in America, and on very few, if any, in the world, 
will there be found, and certainly on no part of the Chesapeake and Ohio 
canal, do there remain to be encountered, obstacles more appalling, than have 
been here overcome: so they were regarded by the distinguished foreign 
engineer then at the head of the United States' Board of Internal Improve- 
ment, whose language has been quoted above. 

In the compass of eleven miles, along precipices of granite, bounding a 
river which bore last winter, on its bosom, ice and snow, elevated for several ^ 
miles thirty feet above its ordinary height, a canal was to be constructed, to 
overcome a rise of 128 feet, being more than eleven feet in each mile. For 
a part of this way, a practicable pathway could not be formed but at great 
cost; and many hundred acres of huge and craggy rocks, piled on each other, 
chilled the enterprise which attempted to subdue them. Earth was to be 
derived from remote distances to construct embankments, and the embank- 
ments to precede the transportation of the stone and other materials required 
for the construction of six of the sixteen locks. The beds of not a few of 
these were either to be sunk in the uneven rock, or to be lifted up high above I 
it, and sustained by lateral walls and embankments. It is not wonderful 
that the United States' engineers, who first traversed, described, and esti- 
mated the route for this canal, along the north bank of the Potomac, around 
the Great Falls, should have estimated its cost at near 80,000 dollars a mile, 
Bupposins their canal to be forty-eight feet wide at the surface of the water, 
and five feet deep except where " reduced considerably^^' as oflen as pccu- 
litr difficulties, which here occurred at every step of their way, required 
tbMt breadth to be diminished. 
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A reproof is given to those persevering misrepresentations, v^rh'ch swell 
the actual to very near the estimated cost of this work, by the spectacle 
of a canal, in use, between the same termini on the Potomac, completed at 
a cost of 20,000 dollars a mile less than that estimate; constructed, too, with 
a breadth exceeding every where in that distance, forty-eight feet, often more 
and seldom less than sixty feet, and a depth never short of six feet; having 
beneath it, numerous culverts, some large enough to serve as viaducts to 
every species of conveyance; with sixteen cut stone locks, laid in hydraulic 
lime, seven of which are of hard granite blocks, and nine of free stone, 
transported from 10 to 60 miles, by water and land; while the canal itself 
isy for several miles of the eleven, lined along one or both of its inner slopes 
with a neat stone pavement, supported on the outside by massy walls, in 
some places sixty feet high, to guard it from abrasion, and has, moreover, 
iacluded in its cost, more than 22,000 dollars expended on its improvement, 
exclusive of its repairs, singe the opening of its navigation. 

Several benefits would accrue to the Chesapeake and Ohio Canal Company 
from a close analysis of the causes of the actual, compared with the estimated, 
cost of this enlarged and difficult line of canal. Among them, would be a 
general conviction, that too much has not been expended in repeated surveys, 
by eminent practical civil engineers, preparatory to its final location; nor if 
the number, variety, and quality of its works be regarded, in multiplying, 
to the necessary extent, the corps of engineers, by whom its actual construc- 
tion was to be vigilantly'and constantly watched. 

Th^re can be no question but that the part of the canal already completed 
exceeds in difficulty, and will be found to have surpassed in cost, that part 
of the Eastern section which remains to be executed. 

Between Harper^s Ferry and the basin of Washington and Georgetown, 
81 of the 72 lift-locks of this section occur; so that 248 feet of the entire ele- 
vation from the tide to Cumberland, will have been surmounted in the first 
60 miles of the 186 which constitute the entire eastern section; making, if 
this proportion be examined, a difference of more than $3,000 per mile, for 
lockage only, in favor of the part of the canal above the Shenandoah. 

In the smgle material of hydraulic lime, required for every species of ma- 
sonry exposed to the action of water, and absolutely necessary in the con- 
struction of durable locks of stone, not less than the farther saving of 500 
dollars will be effected on the cost of each lock, by the reduced price df 
transportation. 

Stone, if not more abundant, will be found more conveniently distributed, 
above the Blue Ridge, than below. Outward protection walls will be often 
required, and, for considerable distances, above, as below, but no walls or 
embankments, exceeding in height one-half of the elevation of those on 12th, 
i5th, and 18th sections of the work already completed. Much narrower 
dams across the river, as noticed in the former report, will be necessary to 
fill the feeders at and above Harper's Ferry. Above all, setting down at 
nothing the gain of experience, the general health of the valley of the Poto- 
mac, and the abundant supply of provisions and accommodation, which that 
circumstance, as well as the superior fertility of the country, promises to the 
laborer above the Point of Rocks, will reduce the price of every species of 
work after passing that point 

If the company shall be permitted, by the courts of Maryland, to conduct ' 
their canal along her shore, on the ground so often surveyed for its use, n6 
aqueduct like that of seven arches of fifty-four feet span, across the Mo»jio- 
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caey, will occur to swell the cost of the masonry above that river* All At 
aqueducts and culverts of the 140 miles above will probably not Cxceedf^i is 
cost, those of the 46 miles below the Point of Rocks. 

Twenty-five thousand dollars a mile i?, therefore, considered an ample 
estimate of the part of the eastern section, in length 136 miles, above Har- 
per's Ferry. This part of the canal will therefore, require for its oonstrvc* 
tion d,l%50,000 dollars, which, added to the cost of that between Harper's 
Ferry and Georgetown, will produce very near the former estimate of 
. 5,000,000 dollars, leaving, as that estimate did, the works in and above that 
town, to be paid for by the peculiar uses of which they are susceptible^ in 
the manner heretofore {deposed. 

The compass of this already extended report refuses admittance, into its 
text, of all the very interesting intelligence to be derived from the late work 
of Mr. William Fairbairn, addressed to Thomas urahame, esq. of Glasgow, 
frbm which the following extracts are. made: 

They prove, beyond the possibility of doubt, that a velocity of 15 miles 
an hour has been attained on the Forth and Clyde canal, which, although 
ten feet deep, is, in width, but three feet broader than the Chesapeake and 
Ohio canal; that, on the Ardrossan canal, one of the narrowest in Scot* 
land, a velocity of 12 miles ^per hour has been attained, and that <^ eight 
persons and the steersman of a boat accomplished a* distance of two miles, 
with one horse, in ten minutes, without any surge, or agitation of the wa* 
ter, injurious to the banks*" 

The summary of the results from the first experiments on the Forth and 
Clyde canal, embraced three objects, worthy of particular notice, as this au- 
thor very justly affirms: " First, the ease with which boats were brought 
up, or stopped, when moving at a high rate of velocity; secondly, the little 
additional labor^ in drawing, occasioned to the horse, when drawing the 
boat at this high rate, as compared with a low rate of velocity; and. thirdly, 
the apparent dimirfution of the surge, or agitation in the water, at a high 
rate of velocity. 

Since these experiments, <<a boat has been regularly plying between 
Glasgow, Paisley, and Johnston, on the Ardrossan canal," and carrying 
<^from forty lo fifty passengers, at the rate of from nine to ten miles an 
hour." 

Other experiments have been made, on the Monkland, the Union, and 
the Forth and Clyde canals of Scotland, to two of which, made on the last 
of these canals, as far back as the 7th and 8th of July, 1830, the attention of 
the stockholders is particularly invited, as they show that the velocity of the 
passage-boats on the Chesapeake and Ohio canal, will not encounter pecu- 
liar or inseparable obstructions from its numerous locks. It has, as yet, but 
one permanent bridge above Georgetown,. in a distance of 48 miles, and that 
is not only very elevated, but designed to be provided with a suitiatble draw. 

«< On Wednesday, the 7th of July, the Swift, a boat 60 feet long and 8 
ieet 6 inches broad, twin-built, and fitted to carry from 50 to'60 passengers, 
started from Fort Dundas, at 16 minutes past nine in the morning, having 
on board 33 passengers (all men) and their baggage. Proceeding through 
the Forth, and Clyde, and Union canals, she reached Edinburgh at 29 mi- 
nutes past four in the afternoon. She thus made a voyage of 56 miles and a 
half in the space of 7 hours and 14 minutes. In the course of this voyage> 
she passed through 15 locks, IB dTaw-bT\d%e&^ a tunnel of 750 yards long^ 
sad over three long narrow aque&ucU| and. \xtvd«t W cntoxG^'Ok Vstvd^^^ 
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which carry roads' over the Union canal. Her average rate of speed, 
during the voyage, was nearly eight miles per hour, including every stop- 
page." 

*^0n the following day » Thursday, the 8th of July, the Swift started 
from Edinburgh, 22 minutes past nme in the iporning, and returning by 
the same route, with 33 passengers (all men,) and luggage, she reached Glas- 
gow precisely at 4 o'clock in the afternoon — that is, in 6 hours 38 minutes: 
going, thus, at the rate of nearly nine miles per hour." <<0n both days the 
weather was most unfavorable, from much rain, and a strong gale of wind 
directly in her face, having been from the east on Wednesday, and from the 
west on Thursday." *^Wheii free from the locks, tunnel, and other im- 

Sediments, the speed at which she proceeded varied from 6 to 12 miles an 
our; and the extraordinary results of the previous experiments made on 
the Paisley canal, and Forth and Clyde canal, were agam completely veri- 
fied and ascertained during her progress through 113 miles of canal naviga- 
tion. For it appeared that when she moved Uirough the water' at the rate 
of 6 or 7 miles an hour, there was a great swell or wave constantly in her 
front, and she was followed by a strong surge or wave bearing against the 
bank of the canal. At these times, the hauling rope was tight, and the 
horses appeared to be distressed. But, as the speed was increased, the wave, 
or swelling of water in her front, sunk down; and when the speed came to 
be about nine miles an hour, the swell entirely disappeared; the waters in 
front became smooth and level; the hauling rope slackened, and the horsen 
seemed easy; and little or no surge was to be seen on the banks behind the 
vessel/* 

On these experiments, the followihg comment is made by the same writer: 
<< There appears, therefore, no reason to fear that the banks of canals can 
ever be hurt by increasing the speed of boats to the utmost attainable height; 
and measures are in progress for increasing the speed of passage-boats on the 
Forth and Clyde canal, and the Union canal; or, at least, of keeping it, 
during the whole voyage between Glasgow and Edinburgh, to the highest 
rate which has been already realized, and thus reducing the time consumed 
in the voyage to five hours." 

To these experiments, Mr. Fairbairn has added many others, which are 
referred to in the text, and more minutely described in the appendix of his 
very interesting work; and from them he deduces results confounding all 
the established theories, ^^ that the resistance to a body drawn along a line of 
water confined within the banks of a canal, did not appear to increase in the 
ratio laid down in theory; and that, while at a low rate of velocity, viz. at 
and under six miles an hour, the resistance to the progress of the boat, on a 
broad line of water, was considerably less than on a narrower line; on the 
contrary, at a high rate of velocity, say above ten miles an hour, the forces 
necessary to the propulsion of the boat, on a broad and narrow line of water, 
appeared to be the same, if the advantage was not rather in favor of the 
narrow line." 

From these observations, he was induced <* to recommend, and the Forth 
and Clyde Canal Company to agree to build a light twin iron steam passage- 
boat, to ply between Glasgow and Edinburgh," which, at the date of his 
publication, he was preparing to launch. << Her length is to be 68 feet, her 
breadth of beam Hi feet, her steam-engine to be of ten horsepower, the 
diameter of her paddle-wheel 9 feet," " atid its motion calculated to give 
from 50 to 60 strokes in the minute; her whole weight 7 tens 16 cwt and 
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her draught of water 16 inches. She will accommodate from 100 to 150 
passengers; her anticipated velocity will be from nine to ten miles an hour, 
and the cost to the canal company^ for the conveyance of a passenger be- 
tween Edinburgh and Glasgow, 56 miles, will not much exceed two pence; 
which,'* Mr. Fairbrain adds, <* is not a fifteenth of the expense of the con- 
veyance of the same person, at the same rate, supposing it attainable and 
maintainable, by horses.'' 

Mr. Faicbaim says, << that however much I was persuaded that steam 
power was the cheapest for high velocities, and also for propelling vessels 
m canals, where the trade was regular, I was not, till lately, prepared to con- 
sider a steamboat, on a canal, as the cheapest for the conveyance of goods, 
where the trade was irregular, and where the boat had not only to contain a 
cargo, but, at the same time, to carry her own engine, and all the conve* 
niencies necessary for the application of machinery.'' 

But he proceeds — << Mr. Grahame has lately put into my hands a letter 
on this subject, addressed to a shipping company, carrying goods along a 
lixte of canal 56 miles in length; the calculations contained in that commu- 
nication are given in the appendix, and seem to be decisive in favor of steam 
power. The company to which this letter is addressed, have to pay for a 
quantity of horse power sufficient to deliver forty tons of goodsiat each ex- 
tremity of this line of 56 miles, every day in the year^ besides a spare 
power employed chiefly in one particular branch of their trade. 

^< The sum they pay for each delivery is one guinea, each way, or at a 
rate of aibout one-ninth of a penny per ton per mile, for the trackage of the 
goods conveyed, the company in question supplying the tracking lines, but, 
with this addition, the charge fortrackage is not increased to one-eight 
of a penny per ton per mile. 

" This," says Mr. Fairbairn, " is certainly a small sum whereon to effect 
a saving by a change of power; but, nevertheless, it appears (from Mr. 
Grahame's and m/ own calculations) that not only such saving may be ef- 
fected, but an additional saving of a large portion of time can be made, by 
the change from horse to steam power." 

" The calculations there referred to, make it quite unnecessary," adds 
the writer, " to say any thing on the subject oi steam power as a substitMte 
for trackage, on canals. If it be so much cheaper than horses, in the ex- 
pensive shape of a moving and carrying power united in the same boatj 
what advantages may not all canals derive from its introduction, in the 
cheap form ofa tug boat, in place of horses?" 

In his appendix, the author adds — ^** I am the more convinced of the effi- 
cacy of steam trackage above all others, from the circumstance that the train 
of boats intended to be towed, would follow in each other's wake; as the 
eddy formed by the leading vessel materially lessens the resistance opposed 
to the succeeding boats." <« The small amount of power required to a tow 
vessel, was remarked by Mr. Grahame, in his account of the voyage of the 
Cyclops, from Alloa to Port Dundas." He states that <* when we brought her 
into the canal, we attached her to the passage-boat, and she drew her along 
the canal two miles — one mile in fourteen, and the other in fifteen minutes. 
We then detached her from the passage-boat, and did two other miles, but 
could'not save by this decrease of labor, more than a minute, or a minute 
and a few seconds in each mile. One thing is very evident," says Mr. Fair- 
bairn, ^^that the introduction of steam instead of animal power, would dis- 
pense with the annual repairs aud mt\tv\ftii«xv^Q(\Sci^VkQi^^aths; the com- 



[ Doc. No. 101. ] 399 

plaints and delays arising from driyers, horses, &c. would be avoided, and 
many contingent expenses saved by the introduction of this never-failing 
and very effective agent as a moving power for the towage of boats on canals. ^ 

The great importance of the facts and views supplied by the work of Mr. 
Fairbairn, of which, it is believed, but very few copies have reached the 
United States, will constitute, it is confidently hoped, a sufficient apology 
for the copious extracts here made from it If this work shall serve but to 
invite the public attention to the erroneous but prevalent opinion, that no 
further improvement can be made in inland navigation, by canals, because, 
sustained by monopoly, they have been so long stationary, this notice of Mr. 
Fairbairn's work cannot prove useless, since experience, as he has incon- 
testibly shown, is exploding the doctrifles on this subject, hitherto sustained^ 
without exception from any quarter, by the exclusive advocates of railroads. 

But the board do not feel that they would discharge their duty to their im- 
mediate constituents, or to the public, who are interested in the completion of 
the great highway which they have long been constructing, if they did not 
proceed one or two steps farther in this investigation. 

In the course of proceeding to which a committee of the House of Dele- 
gates of Maryland resorted, last winter, letters were cotemporaneously ad- 
dressed by the chairman of the committee, to the fialtimore and Ohio Rail- 
road, and the Chesapeake and Ohio Canal Companies, inquiring, among 
other topics, for which the undersigned beg leave to refer to the letter itsell, 
<< into the relative expense, benefits, and facilities of constructing railroads 
and canals, with a view of ascertaining to which of these means the funds 
of the State can be most beneficially applied.'' Their own answer to this 
letter, through the o£Scial communication of the President of the board, 
will be seen m an accompanying printed pamphlet. 

That of the Baltimore and Ohio Railroad Company was made, in part, 
through their chief engineer; and never having been seen by this board, nor 
the report, of which it made a part, till since the adjournment of the Legis- 
lature of Maryland, the present affords the first occasion for referring to 
some of its very curious contents. 

Reserving for a separate notice, the other subjects of the report, and es- 
pecially those of a personal nature, seemingly designed, and certainly cal- 
culated, to reflect on the proceedings of this board, they invite the attention 
of the stockholders of the company, and of the public, to the very singular use, 
among others, which the chief engineer of the Railroad Company, has made 
of the joint survey for a railroad and canal, along the difficult passes, four in 
number, somewhat less than two miles in extent, in a distance of twelve, 
between the Point of Rocks and Harper's Ferry, in order to establish the 
superior economy of railroads to canals. 

The writer premises, <^ that, as a canal and a railroad cannot be construct- 
ed between any two points on the same identical route, the evidence of tlieir 
comparative expense, on a given line, must consequently be that of an esti- 
mate for each, or by an approximate conclusion drawn from analogy;" << I 
know," he adds, '< of but one route on which careful estimates have been 
made at the same time, both for a canal and a railroad. The route here al- 
luded to, is along the Potomac river, from the Point of Rocks to Harper's 
Ferry, or at least so much cf that route as was included in the narrow 
passes:" as was included, he should have added, in 1| mile, Qut of a dis- 
ance of 12, along which no estimate whatever was made for a railroad of 
any description. The survey of that engineer having been •jxclusivcly di« 
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rected to those narrow passes, as the onlj lines of expected interference be- 
tween the canal and railroad. 

But his conclusion far outruns his premises. <^ From these estimatesi 
therefore, added to the estimates for the railroad, an average price for the 
laying of three tracks of railway, on the graduated surface, so to be prepar- 
ed, we arrive at results which will give the comparative probable expense 
of both the canal and railroad. The canal was assumed to be of such dimen- 
sions, that, with a depth of water of six feet, its cross section should contain 
an arena*' [supposed to be intended for area] **of 306 square feet. The 
breadth of graduation for the railroad was to be 30 feet'' Hence, as the 
canal was to cost, at these narrow passes, <rat the rate of 879,036 per mile, 
and the railroad constructed on wooden sills, but j2l38,S94 per mile, or after 
adding 81,000 or 1,500 per mile for stone sills, something less than 840,* 
000," the writer concludes, ** on the whohy since the estimates fer the ea* 
naldo not include any lockage^ althotigh AO feet elevation is to be over* 
come between the Point of Rocks and Harper's Ferry j nor 85,000 a 
mikf^* at which he is pleased to estimate the cost of lining the interior banks 
of the canal with stone; ^^ a precaution,^* he says, ^^ without which, the 
experience of the Erie canal shows that 7io such work can be considered 
asfinishedy'* <Uhat the ratio of the probable expense of a railroad and canal 
will, on the ground here estimated, be as two for the canal, to one for the 
railroad." 

So singular does his own conclusion appear to himself, that, to guard 
against criticism, he acknowledges in his fourth commentary on these com- 
parative estimates, that, ^< he has not seen the last estimates for the canal, on 
the intermediate grounds, (piore than ten miles of the twelve,) and there- 
fore cannot institute so strict a comparison with regard to them;" but he 
makes a broad assertion, that <<tn the most favorable ground along the 
river bottom lands, the expense of the canal will exceed that of the railroad, 
from 25 to 50 per cent." 

Whether this reasoning proved satisfactory to the President of the Balti- 
more and Ohio Railroad Company, to whom it was addressed, and by whom 
it was transmitted, without comment, to the committee of the House of Dele- 
gates of Maryland, does not further appear, any more than does the effect 
it may have produced on the committee or on the House. But such reason- 
ing is so extraordinary in itself, and contradictory of known facts, part of 
which are supplied by the author himself, that it is difficult to reconcile it to 
his high reputation for candor. 

The spaces along which the four short lines of canal and railroad were 
expected to come in collision, the longest of which is in length but 3,052 
feet, and the shortest 1,126, are four difficult projecting cliffs of rocks, hem- 
ming in the current of the Potomac, at the bases of the mountains and ridges, 
by which it descends, from the Blue Ridge, through the Kitoctin mountain. 
The railroad was to be bedded on these rocks, for a space of 30 feet only, in 
breadth. The canal, having a cross section of 306 feet; and a depth of 6 
only, could not have a breadth, at the surface, of less than 51 feet; and, add- 
ing 3 feef, for the stretch of the inner slope of earth, next the river, 12 for 
the breadth of its tow-path, and 20 for the horizontal stretch of the outward 
slope; supposing that the tow-path bank is not any higher, above its base, (here 
in the river, ^ which is improbable, and that the angle of the slope is as steep 
sta 45% which would be inexpedient, we have a space, constructed, partly on 
rock and parti j in water, of the bteadWi ot ^^ ^e^\^ ^om^^ted with one of 
^O feet; and the canal, in this «pace, c\vw^ vnA\ ^ >\v^ ^XNfcxv^wvX ^-r.- 
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penses of ouliddc walling, to guard against abrasion from the river^ puddling 
within its banks in order to retain the water admitted into it, and, as the 
calculator provides, 05,000 a mile also, for paving within, although one of 
its sides must be of rock. 

Had the writer inquired for the estimates of the part of this canal along 
the << intermediate grounds,^' be would have found that the working esti- 
mate, prepared to regulate the acceptance or rejection of proposals for its 
construction, does not exteftd the cost of the twelve miles, after including 
not only its lockage, but the expense of a substantial dam across the river, 
immediately below Harper's Ferry, beyond 2260,000; a sum, less than that, 
which he admits the railroad.will cost, within the same distance.* For, put- 
ting down the cost of the road provided for, on his own estimate, at 839,794 
a mile, and its length, at his measurement, of 11,134 feet, its tracks, as he 
proposes, at three in number, to be laid on stone sills, as he suggests, though 
on the principle of perfection, which he applies to canals, he ought to pro- 
vide, at least, a fourth track, for the cars to pass each other with various ve- 
locities, which would add to this estimate at least a^l3,233 more, for this 
track; and the further cost of graduation, and their results, in order to reach 
Harper's Ferry, for the 3 tracks, at 06,500 each, on a line of 9 miles, and 
4,706 feet,/{7r Me rails aloney 0192,880, which, added to the cost of 11,134 
feet, computed, by himself, at 039,794 a mile, furnishes an aggregate of 
0276,794 without any allowance whatever for graduating the foundation of 
the rails for a distance of 9 miles and 4,706 feet, or for a single perch of ma- 
sonry, for culverts, viaducts, or side drains of any description; an aggregate 
exceeding the working estimate for the canal, along the same line, by the 
sum of 026,794; and if, but a moderate allowance be made for the gradua- 
tion, including the masonry of the railroad, by a sum, not much short of one 
hundred thousand dollars. 

It has been acknowledged that these items, exclusive of the rail tracks on 
the first 7 miles of this road, leading out of Baltimore, cost 0438,775 ^5^ 
exclusive of allcontingencies, being 062,654 80 per mile; and allowing for 
three tracks with stone sills, make up a sum, exceeding 080,000 a mile, 
exclusive of contingencies. These, even on this part of this road, cannot 
appear inconsiderable when reference is had to the report of the President 
and Directors, from which the above facts are obtained, wherein <^ sixty- 
one thousand one hundred and seventy-seven dollars twenty-five cents are 
charged to expenses incurred in surveys and locations, including the pay 
of engineers and their assistants; six thousand eight hundred and sixty-five 
dollars thirty-two cents for law expenses, fees of counsel, and chancery ex- 
penses; and sixty-six thousand nine hundred and eighty-eight dollars sixty- 
two cents for cost of machinery, for the purpose of construction of the rail- 
road, of transportation and weighing, including the purclj^se of patent 
rights, and moving power, contingencies, expenses of widening the cuts, 
and embankments, and perfecting the graduation at the time of laying tlie 
rails, releases of the right of way, discounts, expenses of opening the 
books, &c." How much of the 066,988 62 should be charged to the first 
seven miles of the road is not stated, though a part of it would seem to be- 
long to the graduation, or the **per/ecttng of the graduationy prior to the 
laying of the rails,'' it being the part of this road whereon the rails were 
first laid; nothing is added for the improvements subsequent to opening the 
road. 

*The 19 miles have recently been [daccd under actual contract, for $324,000; including the 
coatofUnd righta and fencing, and fiTe per e%Ta.iw cqiv>atv%«iv^\^« 



N 



302 [ Doc. No. 101. ] 

It wouldy it is obviouSi be unfair to charge the proposed railway^ between 
Harper's Ferry and the Point of Rocks, with the maximum cost of the gradua« 
tion, on the most expensive part of the route of this road, but it would be 
equally correct, with the course actually pursued, by the chief engines of 
this company, in ascertaining the relative costs of canals and railroads, by re* 
ferring to the construction of short pieces of canals and railways, under, 
or upon precipices of granite, and in the bottoms, or along the rocky miargui 
of rapid rivers. 

Much more incorrect, however, is the general assertion of this engineer, 
that, << on the most favorable ground,'' for a canal, <^ its cost will exceed by 
50 or 25 per cent that of a railway," (of course such as he has been describ* 
ing,) of three tracks, or at least of two tracks. 

Several miles of the Chesapeake and Ohio canal have been constructed, 
along the bottoms of the Potomac, for less than the cost of Jthe rails of a single 
railway track; one half mile, on level ground, at little more than 01,800; and 
the possibility of this is obvious to any engineer, who will take the trouble 
to make a calculation of the necessary depth of cutting, to supply the banks 
of a canal, where you can choose its level. 

It is not, however, more so, than what the same engineer attempts to prove 
in relation to << other routes of canals and railroads," than those of a few 
thousand feet under the precipices of the Potomac, to which he first gives his 
candid attention. 

The liberality of his course of inquiry towards the Chesapeake and Ohio 
canal is here again manifested in his statement, << that, so far as the structure 
of this canal has been prosecuted, it has been understood," he does not say 
by whom, ^< that the estimate of its cost, at $5,000,000 between Georgetown 
and Cumberland, has been found to be. wholly inadequate; and Ae is of 
opinion^ that, unless the dimensions of the canal be contracted, or the work 
be made less permanent in character, the estimate first mentioned, that of 
j^8, 174,000, will be not far from the amount whicH that work will have ac- 
tually cost, fihuld it ever be completedy to Cumberland." 

It is now, well known, that no survey, of any description, for a railway up 
the left bank of the Potomac, had been attempted, before the purchase, by 
the Baltimore and Ohio Railroad Company, with a celerity unexampled, 
of the ground along the difficult passes, on the left bank of that river, 
where they admit, themselves, that no choice of way existed; and while it 
is believed that no woriiing survey has even since been completed of the en- 
tire route of a railway from the Point of Rocks to Cumberland, it is not a 
little astonishing, that the chief engineer of this company, who has so littie 
reliance on the calculations of experience, entertains the confident belief 
that the railway from Baltimore to Cumberland, will not exceed, in cost, 
85,000,000! , 

He also believes, it appears,[that the expensejof constructing a canal, fron 
Baltimore to the ^^ Point of Rocks, woUld be double^ what the railroad, be- 
tween the same points^ will cost:" while the reason that he gives for this 
belief, is, that the estimate reported by Dr. Howard, << for a canal from 
Georgetown to Baltimore, the length being 44| miles, amounted to 
jS2,800,000." Now, this author of the comparative estimate of the cost of 
railroads and canals, might have as well assumed any other estimated, route 
for a canal, as this, for his standard of comparison; since the Baltimore and • 
Ohio railroad, in passing to the Point of Rocks, occupies but a very small 
part, ifaoy, otthsX spaccy which Dr, HowwcA wwire^^A fex ^^^xid^ from Bal^ 
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timore to Georgetown; and this engineer very well knew, at the same time, 
that the estimate of the cost of this canal, was founded on the same erroneous 
data, which led Dr. Howard, in conjunction with the United States* engi- 
neers, to compute a canal with a cross section of 202.5 feet, only, at a price 
«*eatly exceeding the actual cost of one of 806 feet, alone the valley of the 
Potomac, and over very nearly the same ground. Let the estimate for the 
Baltimore canal be reduced by a reference to the actual cost of the Chesapeake 
and Ohio canal, and the estimated cost of that, by recurring, from its actual, 
to its fornoer estimated dimensions, and a canal from Greorgetown to Balti- 
more, 48 feet wide and 5 deep, would appear capable of construction, by this 
fair standard, at less than the present estimate of the sixty-seven miles of 
railroad from Baltimore to the Point of Rocks, or of a substantial railroad 
from Baltimore to Georgetown.* 

. » It is not a little surprising that, in reply to the grave call of a Legislature, 
this engineer did not recur to the ascertained cost of the archetype and model 
of all modern railroads, that between Manchester and Liverpool, for one 
term of his comparative estimate of the cost of railroads and canals. In look- 
ing to his other term, it is( equally strange that he should have passed, un- 
heedingly, by the numerous canals of the United States. Thos^, for exam- 
ple, of New York, of Pennsylvania, and of Ohio. 

By an early report of her Canal Commissioners, the canals of New York 
were stated to have cost about seventeen thousand dollars a mile. By the 
last report of the Canal Commissioners of Ohio, 190 miles of canal in that 
State, extending from Lake Erie to the north end of the Licking Summit, 
and now regarded as finished, have been constructed, with all their costly 
appurtenances, at a price which, embracing every contingent expense, is less 
than 1011,000 a mile; or, by {02,000 short of the cost of the mere rails of a 
double track, on stone sills, of the Baltimore and Ohio railroad, according to 
the same engineer. 

This comparison omits any allowance for graduation, and contingencies 
of every description. Yet this practical civil engineer tells the Legislature 
of Maryland, *< that, in the most favorable grounds along the river bot- 
tom lands" of the Potomac, it is presumed, <Uhe expense of the canal, 
would exceed that of the railroad, from 25, to 50 per cent" If the chief 
engineer of the Baltimore and Ohio railroad could have awaited the late 
annual report of the Liverpool and Manchester Railroad Company, he 
would have seen that a railway of only two tracks, overcoming in 92 i miles 
an elevation of less than 150 feet, had cost, including all contingencies, 
j8865,000 sterling, a sum exceeding 120,000 dollars per mile; while he 
must have known, that the magnificent canal of Lan^edoc, in length 148 
miles, with a mean breadth of 49 feet, and overcoming a summit of more 
than 600 feet, with a lockage of 1200 — though constructed with the reve- 
nues of the French monarchy, cost much less per mile than the half of that 
sum. He would also have perceived that the present charge for transport- 
ing a bale of cotton, on the Liverpool and Manchester "railroad, is 10^. ster- 
ling a ton for a distance of 32i miles, and 5s, sterling for each passenger. 
Rates which, for comm6dities, are treble the cost of transportation, for like 
distances, on the canals of Pennsylvania and New York; and for passengers, 
more than double the cost of transportation for the greater distance of 56 
miles, on the canal between Glasgow and LiverpdoL 

* The Mine engineer has since actually presented to the Btltihiore and Ohio Railroad 
CompanjT* hj whom it has been submitted to the Goyemor of Maryland, an estimate for this 
road, which nakes its cost near 50,000 dollart a mile. 
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As to the cost of repairs on canals and railviraydi which must regulate their 
nett profits, experience^ until matured by time, can furnish no measure of 
their relative extent Much must depend upon the excellence of their con- 
struction. A celebrated constructor of steam engines and carriages, who 
has recently returned to America, from England, apprises the public, that 
there is no railroad in America, of sufficient strength to bear the free use of 
locomotive engines; and whether the railroad of Liverpool and Manchester 
will sustain their use, with profit to the company, by which that costly work 
has been constructed, remains to be verified by the fulfilment of promises 
not yet realized, and against the suggestion of nine months' experience, on 
a perfectly new and very smooth road. 

Lest the estimate of this board, that the canal between Georgetown and 
Cumberland will cost about 5,000,000 dollars, should appear to be impaired, by 
passing unnoticed another error of the same engineer, to whose calculations 
reference has been so often made, it is proper to remark, that if the experi- 
ments on the Ardrossan, and other canals of Scotland, have not destroyed 
all apprehension of injury to the banks of a canal^ by boats moving on their 
surface with great velocity, the remedy hitherto applied to prevent such in- 
jury, is much less expensive than this engineer supposes, who charges 5,000 
dollars a mile for walls calculated to protect the inner slopes of a canal from 
washing. More than 40,000 superficial yards, one foot in tliickness, of such 
walls, hare already been constructed in the Chesapeake and Ohio canal, at 
the cost of less than sixteen cents a yard, including the price of transporting a 
part of the stone some distance by land. The residue of this work, for which the 
canal excavation furnishes an abundant supply of materials, has been per- 
mitted to await the introduction of water into the canal, that the stone may 
be transported by boats tracked by horses. Allowing twelve cents, a cubie 
yard, for transportation, hut reducing the height of the wallas has been found^ 
expedient, the cost of such an inner lining for 2i feet, on each side of the canal, 
immediately below the surface of the water, which is found to be all that is 
necessary for its object, would be reduced to less than SlOOO a mile.* 

For several miles together, the Chesapeake and Ohio canal has a border of 
solid rock on one side, which needs no lining for its protection. In other 
places, it is spread out to such breadth, by a sin^e embankment on the side 
next the river, that it needs no such lining iilong either slope. When com. 
pressed, as it is, for less than a single mile on a Jline of 48, within a breadth 
under 60 feet, it is always bounded by rock, which yields stone for its inner 

• The first inside slope wall, or pavement, on the Chesapeake and Ohio canal, was 
made, by special contract, of stone, which the contractor found it more conrenient, and was 
permitted to leave in the bed of the canal, at the cost of 8 cents the square yard. The ma- 
sons engaged in the construction of thb inside wall, which is the best on the line of the ca* ' 
nal, acknowledged that they made by it, their customary day's wages. In this case, the pave- 
ment extended from the bottom of the slope to within two feet of the top of the embank- 
ment, on both sides of the canal. 

On section 14, by advice (^a New York canal comnussioner, the wall was constnfcted on a 
bench formed in the sloping embankment, about 4^ feet below the top of the embankment, 
and extended up the bank, with verjr little slope, to within two feet of the top. So that 
here the wall is 2) feet high. This height of wall, ihe eomnussioner aifinne^ from the expe- 
rience of the New York canal, was quite sufficient, and so it has been here found, to guard 
the bank from abrasion, either by high winds or the motion of the boats engaged in its navi- 

fation. This wall was put up at 12^ cents the perch. In one mile of the canal, supposing 
oth shores of it to be so protected, there would consequently be 1760 lineal yanis x hy 10 
feet srr yards 3 J X 1760 xx 5866 yards, which, at I8i cents per 3rard, would cost $733} a mile. 
At 8 cents, the Square yard; this sum would be less than $500 a milo: at 16, it wotUd not reach 
1^1000, as sUted in the text. 
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]Mivement, free of the cost of transportation! so as to save a part of the above 
estimated expense. 
It is somewhat remarkable that the chief engineer of the Railroad Com- 

g\ny should add 5,000 dollars a mile to the cost of the canal, at the Point of 
ocks, for its inner lining of stone, when he takes care to lodge it, as well as 
the railroad, on a bed of rocks, and provides, in an estimate, of the joint 
oost of the two works, for a partition wall vif thrje feet thickness between them. 

''The residue of his comparison of railroads with canals, is equally impar* 
tial with the preceding, and obviously designed to withdraw the patronage 
of the State of Maryland from her canal, for it is hers unless she chooses to ex- 
pel it from her territory, to the Baltimore and Ohio railroad. The far greater 
part of his facts arc inconsistent with each other; his assertions are without 
proof; and his principles have been refuted by experience, as we have seen. 

'<What shall be thought of the judgment which, under the climate of Mary- 
land, ai'd in relation to the Potomac, pronounces that, ''from the combined ef- 
fects of floods, breaches, repairs, drought, and cold, the average duration of the 
navigation of a canal, inovr climatej is reduced about one half of the year?" 

* 'The Chesapeake and Ohio canal was easily kept open for navigation, and 
actually navigated with facility, when frozen to the depth of very near 
three inches. In the late hard winter, its use was not suspended by ice till 
after the middle of January. 

"Does any man believe that the Potomac river will not supply an adequate 
quantity ot water, in any drought, to feed a canal along its banks; or that in- 
ternal iatercourse will be promoted, and "transfers and transshipments, add- 
ing to the expense and risk of transportation, be prevented,'' as this writer 
insinuates, by substituting a railroad for a cansil, along the* margin of a river 
which has already upon its stem and its branches above tide-water, a descend- 
ing navigation, practicable at some seasons, of 750 miles; or that a country will 
resort to railroads instead of canals, which has a coast, thus bordering naviga- 
ble water, for 1,500 miles, counting both shores of this river, and of its often 
navigable tributaries? 

"How well does it fit the occasion of his letter, to comprehend, among the 
advantages of railroads over canals, that the latter occupy the best latuls of 
a country, when the very railroad, which this engineer is endeavoring to 
exalt in value above the Chesapeake and Ohio janaT, is seeking to establish 
a right to pre-occupy the very 'ground along the Potomac, so oUen surveyed 
for the construction of the canal? Let railroads, which are admirable time 
and labor saving inventions, be constructed wherever the trade which they 
are designed to accommodate, will defray the cost of their construction and 
use, and they can either be rendered more beneficial than canals, or canals 
cannot be made.'' 

Extracts from the report of OolonelJohn J, Mertand ColonelJames 
Kearney^ of the United States^ Topographical Engineers^ upon anex* 
amination of the Chesapeake and Ohio canals from fFashington City 
to the ^^ Point of Rocks ;^^ made by order of the Secretary of fVar, at 
the request of the President and Directors if the Chesapeake and Ohio 
Canal Company . 

"To Brig. "Gen. Gratiot, Chief Engineer U. S. Jl^ 
« Sir: In obedience to your orders of the 1 1th of May, we have made the 

examination of those parts of the Chesapeake and Ohio canal which m 

35 
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«* completed and under construction/^ and have now the honor to report the 
result of our observations. 

" The first part of the work which we visited, was the basin at George- 
town. This basin is formed by a dam thrown across the mouth of Rock 
creek, forming an extensive quay or landing placej one of its faces being on 
Rock creek, and the other on the Potomac river. The length of the quay 
on the Potomac face, is one thousand and eighty feet: two hundred feet of 
which is occupied by a tumbling dam, for the delivery of the surplus water 
of this creek^ and thirty-eight feet occupied by the tide lock, leaving eight 
hundred and forty feet front on the Potomac river. Piles, each one foot in 
diameter, were driven throughout the whole extent of the river front, touch- 
ing each other, and then at every three feet of the interior, to a distance of 
twelve feet, until they refused a pile driver of eleven hundred pounds. The 
whole of these piles were then connected by heavy timbers, bolted to the 
head of each pile, and this frame work was then united by a course of hewn 
timbers fitting close to each other, and five inches thick, and well secured to 
the frame and piles. On the front of this pile work, there is a well laid dry 
wall, twelve feet thick, and seven feet high, including the coping. Strong 
and frequent ties of timber firmly connected with the pile work, are extend- 
ed ilnder the soil of the quay. Until these were fixed, a slight curving had 
been obwserved in a part of the wall, but, since that time, not the least indi- 
cation of yielding i^ perceptible, nor do we think there is any just ground of 
fear for the durability of this part of the work. It stood without injury the 
unusual freshet of the river of the last spring, on the breaking up of the ice. 

** The width of the quay is one hundred and sixty feet, except at the 
city end, where it narrows to eighty feet. Sixty feet in width of the centre 
of this quay, is intended for warehouses and stores, and the rest of the 
space is to be left open for streets and landing places. 

<* A bridge is constructed over the head of the tumbling dam, connecting 
the Georgetown part with the city part of the quay. This bridge is of tim- 
ber, on piles — a simple, but sbbstantial structure. 

*< The inside of the quay forming the Rock creek face, is protected by a 
Well laid dry wall, surmounted by a stout hewn timber coping, bound to its 
place by tie-timbers extending some distance into the soil. The whole of 
the space between these two fronts, is already filled up with earth. 

" The walled face of the basin also extends upon both sides of Rock creek, 
to the second bridge, constituting an entire length of walling on the inside 
of the basin of five thousand five hundred feet, (about 300 feet of the w^all is 
.. yet to be laid,) and enclosing an area of eight and one-quarter acres. 

<<But the real extent of this basin is much greater, as the water of this 
creek, when raised by the dam at the quay, will be deep and navigable up 
nearly to Patterson's paper mill, and will extend over an area about twice 
as great as that included between the walls. '^ 

*^ The Width of the canal up to Frederick street, (in Georgetown,) is forty- 
six feet, and its depth six; from this street it gradually widens to eighty 
feet, and increases in depth to seven, which it maintains through the re- 
maining part of this level lij) to lock No. 5.'' ««This level is continued 
from lock No. 4 to lock No. 5, near the Little falls, throughout a distance 
of about four miles." 

"Lock No. 5 is similar in its plan, dimensions, and materials, to those 

we hiwe heretofore spoken of. It appears to have been faithfully built, and 

IS very tight The great dimensions of the canal, heretofore stated, termi- 
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n^te at this lock, beyond which the widths at the water surfacoi is sixty 
feety and the depth six '' 

*^ Lock No. 10 is built entirely of granite. It is a fine struoture, extreme- 
ly tight, and has every appearance of durability. We take this opportuni- 
ty to remark, that all the locks previously noticed, were also tight We 
saw no leaking or spouting from the walls; and we examined them immedi- 
ately after they were emptied, when such defects, if they exist, will always 
show themselves.^' 

^< Lock No. 21, is similar to those previously noticed, and has all the ap- 
pearance of faithful work; is tight, and exhibits no evidence of yielding.'' 

" This last lock (No. 20) has the general lift of the locks of this canal, 
of 'eighty feet, and completes the series necessary to surmount the elevation 
of the Great falls of the Potomac." " The line of the canal from the' Little 
falls to this lock was replete with difficult passes, which the engineer ap- 
pears to have attacked with boldness, and to have admirably surmounted." 

<^The usual time employed in the passing of a lock by the packet-boat, is 
four minutes. A passage, however, may be readily effected in three mi- 
nutes and a half; and were . informed that, in an experiment of several, pas- 
sages, the average of the time occupied was but three minutes." ' 

*f The culverts are of an admirable length, extending well and sujQSciently 
through the embankments." 

" Over this river (Seneca) an aqueduct is constructing. It will consist of two * 
piers and three arches. The sheeting, as well as the ring stone, are to be 
cut to the proper angle, and <Uaid in hydraulic mortar." We believe that 
this structure will be both beautiful and enduring." 

<' The aqueduct over the Monocacy is four hundred and thirty-eight feet 
long, from the face of one abutment to the face of the. other, and the mason- 
ry of the abutments and wing-walls extends ninety-six feet farther. The 
whole work will consist of two abutments, six piers, and seven arches, to • 
be fifty four feet span, with a rise of nine feet. The two arches which rest 
against the abutments are conducted within the abutments by what is called 
a blind arch, down to the rock foundation. The masonry of the abutments 
and {)iers rests upon the solid rock which forms the bed of the river, and 
which had been previously cleared and prepared for the purpose. The piers 
and abutments are thirty-three feet four inches long, exclusive of the pilas- 
ters. The piers are ten feet wide above the water table, and fourteen feet 
wide, and thirty-eight.feer long at the foundation, which last dimensions are 
preserved up to within one foot of the low water surface." 

« We visited the quarries. The stone lies high, and is of easy access; its 
color a dull white. It is of the kind usually called by workmen mountain 
granite, but by geologists it would be called gray wacke. It splits well, 
hammers without fracture, is fine grained, and, in our opinion, a very last- 
ing stone." 

<< The work was executing in good faith by the contractor, and was vigi- 
lantly watched and inspected by the engineer. We consider the plan jufli- 
cious, as well as its execution, in which are tmited the true principles of 
economy, usefulness, and durability." 

"It may be proper to remark, that, in the whole length of the canal be- 
tween the aqueduct over Seneca, to that over the Monocacy, wherever the 
embankment touches in the river, it is carefully protected k^inst its action 
by extetided and well. constructed walls of dry masonry. These walls, so 
frequently misntioned in our report, might, without explanation, be consider- 
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ed objects of extravagance; we will, therefore, add, that the valley of the 
river occupied by this canal, is bounded, to a great extcJnt, by high rocky 
cliffs, which, in many places, project into the water, leaving the engineer no 
other course than to blast his path through them, and to establish thp foun- 
dation of his embankment in the river itself.'' 

"The length of the canal between locks 21 and 22 is three miles. 
Throughout the greater part of this distance, the embankment on the river 
sid^s is sustained by a beautiful and well built sloping stone wall of dry ma- 
sonry, resting upon a judiciously laid footing, and rising to the top ox the 
embankment; the inside slope of which is rivetted also with a slope wall, 
laid from the bottom of the canal. There is one tontinued line of two 
miles of this walling, curving with the canal, in which we did not observe 
the slightest indication of yielding or of weeping in any part of it. In parts 
of this fine, the rock excavation was very great, and the superfluous stone is 
judiciously placed outside of the walling, and in a manner to relieve it from 
the current of the river." 

" A pit is excavated, and part of the foundation laid for another roadway, 
intended for the convenience of Conrad's ferry. We cannot forbear here 
expressing our decided approbation of this method of crossing canal lines, 
over the more usual method by bridges." 

" We observed a paved ford to accommodate the adjoining farms. This 
ford can be conveniently used when the water in the canal is aboutfour feet 
deep — when deeper, it is contemplated to use a large boat at this space; for 
which purpose docks are constructed on each side oi the canal, that the boat 
may lie out of the canal line." 

" We are fully aware, that, after all we have said, we have not yet given 
an adequate idea of the great and interesting work we have been directed to 
examine. The diflSculties which have been surmounted — the quantity of 
labor it has received — the vast amount of rock excavation — the extent and 
excellence of the walls of dry masonry — ^the durable aspect of all the struc- 
tures — the great and imposing dimensions of the canal — the judicious adap- 
tation of the excavations to the fillings and embankments — can be duly ap- 
preciated only by visiting the work. 

"The trade of the canal in the part now in use is very active; there is, 
however, a necessity for a system of regulations to govern the boatmen. 



» 



Bxtract from the report of the United States^ Board of Internal Im^ 
provementy accompanying the President's message to both Houses of 
Congress, of the 1th of Decemher, 1826. 

* *PLAN AND ESTIMATE OP THE CANAL. 

" The transverse section of the canal is exhibited on the sheet No. 3. The 
bijpadth at the bottom is 33 feet; at the surface, 48 feet; the depth of water,* 
5 feet; the tow path, 9 feet wide; the guard; banks, 5 fstet at the top; the 
surf berms, kept on the leve! of water, 2 feet wide each; the tow path, and 
top of the guard bank, 2 feet aboVe the surface of the canal. 

"This transverse section isto be modified where local circumstances require 
«/, and more' especially in the cases of deep cutting; steep side cutting, em*- 
banking, and also where the canal is supported by walls. In the framing.of 
the plan, a due attention has been paid to these modifications, with a view to 
<2onciliate the convenience of the work with the strictest economy. The 
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.•depth of 5 feet has been preserved throughout the line, but the breadth ha>9 
been often much lessened. As to the surf berms, they are intended to pro- 
tect the slopes from being washed off, as, also, to lessen the resistance opposed 
to the boalf, by affording to the eddy water a free passage. 

^< We must submit, however, the reasons which led us to propose the above 
dimensions. 

*« The experiments made in 1775, by the French academicians, (D^Alem- 
bert, Condorcetn and Bossut,) have shown: 1. That the resistance of wa- 
ter to the perpendicular motion of a given plane, may be regarded as pro- 
portional to the square of the velocity; 8. That the velocity being the same, 
the resistance of water may be considered as proportional to the area of the 
plane; 3. That these results obtained only in the case of an indefinite ex-o 
pause of water; 4. That, in narrow canals, the resistance increases in a 
more rapid ratio than the square of the velocity. 

*< To attenuate, as much as practicable, thijs inconvenience, researches have 
been made to ascertain what should be the ratio between the transverse sec- 
tion of the canal, and the transverse section of th6 boat, in order that the 
boat might move through such a canal as through an indefinite expanse of 
water. Experiments made on the subject by the celebrated Chevalier Du- 
buat have shown that, to attain this result, the cross section of the canal 
ought to be, with moderate velocities, 6.46 times across the section of the 
boat, and the water line 4§ times the breadth of the boat 

<* Adopting, to preserve uniformity, 134 feet for the breadth of the boats 
used on the Chesapeake and Ohio canal, (which is th^ breadth of the Erie 
canal and of the Ohio canal boats,) if we suppose the draft to be three feet, 
the prow to be rectangular, and the sides and bottom of the boat to conform 
to it, the cross section of the boat will be 40. 5 square feet. Taking, now, 
this area 6.46 times, we find 261-| square feet for the cross section of the 
canal, through which the boat would not meet with a greater resistance than 
through an indefinite expanse of water. The water line should be 604 feet, 
that is, four times and a half the breadth of the boat. 

<< Were not expense to be taken into consideration, these dimensions might 
be recommended; but fitness of the work and strict economy must be re« 
conciled as much as practicable, and it is in such a view that smaller dimen- 
sions are to be fixed upon. 

** It is to be ren^arked, that the distance from Georgetown to Pittsburg, in 
following the line of canal, is 34i| miles, which, at the rate of 24 miles per 
hour, will be travelled in about - - - - 136 houri^ 

The ascent and descent, amounting together to 3,158 feet, will 

require, at the rate of 1 minute per foot, about 52 

Distance, in time, from Georgetown to Pittsburg, - 188 hours. 

<< Though a number of canals, selected among those executed to this day, 
jnight afford together the distance and lockage found for the Chesapeake and 
Ohio canal, yet there is not, within our knowledge, any line of the sanie 
extent requiring even 1,800 feet of ascent and descent taken together: the 
Erie canal requires 688 feet for 362 miles; the line from Liverpool to Lon- 
don, l,451i feet for 264 miles; the canal from the Rhone to the Rhine, 
connecting Lyons with Strasburg, has about 1 ,458 feet of lockage for a length 
of 200 miles. The proposed canal has, therefore, as to time, a decided in^ 
feribrity, when, compared to a canal of the same length, but having a less 
amount «flc{ickage; and it becomes, in the present case, indispensable to reme* 
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dy this inconvenience. The means we propose consists in the increase of 
the dimensions of the cross section of the canal, with a view to compensate 
by a greater weight transported without additional powel* for the virtual 
increase of distance caused hy so great an amount of lockage. 

" We have shown that this section ought to be 261 square feet, with a water 
line of 60 feet, to procure a boat 13 feet 6 inches in breadth, the advantage 
of moving on the canal as on an indefinite extent of water. After many 
trials and minute calculations, we have concluded to adopt, for the contem- 
plated canal, the f of the foregoing results, viz. for the cross section, 208 
square feet, and for the water line 4S feet; and from these data we have 
framed, with a depth of five feet, the general transverse profile of the canal 
as exhibited on the sheet No. 3. 

*^ Let us now compare this profile to one having 40 feet at the surface, 28 
feet at the bottom, and 4 feet in depth — the boat used being the same for both, 
and having 13i feet in breadth, and 3 feet draft. 

*< We find, by calculations, that, the velocity remaining the same, the re- 
sistance to the boat moving in the 48 feet canal, is to the resistance to the 
same boat moving in the 40 feet canal, as 1.21 to 1.58^ or as 100 to 130. 
Therefore, at the same rate of velocity, 100 horses will, on the 48 feet canal, 
perform the same work as 130 horses on the 40 feet canal; and, with tlie 
same towing power, the weight transported on the 48 feet canal will be to 
the weight transported on the 40 (eit canal as 130 to 100. 

" But the depth of the 48 feet canal being one foot greater than the depth 
•f the other, let us examine what would be ihe comparative resisitance of the 
iboat being immersed 4 feet intb the 48 feet canal, and but 3 feet into the 
other. We find, in this case, the ratio to be 1.47 to 1.58, or 100 to 107, 
and we infer from it that, with a gain of about seven per cent of towing 
power, the weight transported on the 48 feet canal vvill be one-third greater 
than the weight transported, during the same time, on the 40 feet canal. 

<< The foregoing considerations show, that, in determining the transverse 
section of a canal of great length, and with a dividing summit level, the 
amount of lockage must have a due influence upon the breadth and depth of 
the water section. And, indeed, taking into view the great distance and 
considerable lockage belonging to the present case, a cross section larger 
than that recommended might have been suggested, had not a regard to 
economy, and to a competent supply of water during the dry season, for- 
bidden it. • 

<* However, the transverse section, as just proposed, may be deemed suf- 
ficient to fulfil, in a satisfactory manner, the main requisite for which it has 
been intended. And, in order to remove all doubt, let us compare, as to 
amount of transportation, the contemplated Chesapeake and Ohio canal with 
another of the same length, but whose lockage would be 600 feet only, with 
a transverse section of 40 feet at the surface, and 4 feet in depth. 

<<The rate of travelling being supposed, for both, 2 J miles per hour, and 
one minute allowed for each foot of lockage, 60 feet will be, as to time, 
equivalent to Si miles; and these canals will then compare as follows: 

<<The Chesapeake and Ohio canal, having 3,158 feet of lockage in a dis- 
tance of 341i miles, is equivalent, as to time, to a single level canal of 473 
miles, which would require 189 hours to be travelled from one end to the 
other. < 

The 40 feet canal, having 600 feet of lockage in a distance of 3411 miles, 
is equivalent^ as to time^^ to a sin^e level canal of 367 miles> and which. 
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would be travelled in 146 hours, from one end to the other. But it has been 
shown, that, on the first canal, the amount of transportation being expressed 
by 130, it will be 100 on the 40 feet canal — the velocity and towing power 
remaining the same in both cases. Comparing, now, this ratio ot 130 to 
100 with that of the times employed to travel, respectively, each canal, viz. 
189 hours to 146, it is found that these ratios are equal. Therefore, on 
either of these canals, and notwithstanding a difference of 2,558 feet lockage, 
an equal weight will be transported during the same time, and with an equal 
towing power; a result entirely due to a larger transverse section having 
been assigned to the canal whose lockage is greater." 

" After the enlarged dimensions of sixty feet by six feet for the volume 
of water in the canal, were recommended to the Committee of the House of 
Representatives on Roads and Canals, by the chairman, he addressed a letter 
of inquiry to Gen. Bei;nard, on the comparative resistance of the motion of 
a boat of given structure and burthen on such a canal, and one of the dimen- 
sions recommended by the board over which that officer presided. The 
annexed letter contains his answer to this inquiry: 

^^ Letter frovfi Gen. Bernard to Hon. C. F, Mercer. 

Washington City, February 17, 1827. 

<* Sir: I have the honor to forward to yQU the result of the calculation 
you asked for, in relation to a canal 60 .feet wide at the water line, 45 at the 
bottom, and 5 feet deep. 

*< The cross section of the boat remaining as assumed in the report on the 
Chesapeake and Ohio canal, such a boat would, for the reason set forth in 
this report, move, at moderate velocities, on 60 feet canal, as on an indefinite 
extent of water. 

" The resistance proved, in this case, by the boat, being expressed by 1, 
the number 1.21 will represent the relative resistance in a 48 feet canal, 
and 1.58 that in a 40 feet canal. Thus, with a towing power of 100 horses, 
the same work will be performed on the 60 feet canal as with 121 horses 
on the 48 feet canal, and 158 on the 40 feet canal — these two latter canals 
being here supposed to retain the respective cross sections assigned to them 
in the aforesaid report. 

" Now, assigning to these two canals the same comparative length and 
amount of lockage as alluded to in the report, they become on the same 
footing as to towing power, but the sixty feet canal has the 9ame length and 
amount of lockage as the 48 feet canal: therefore, it will have an advantage 
of 21 or IS per cent over the latter, as to towing power, and the same 
advantage over the 40 feet canal. In other words, IS per cent, more 
weight would be transported during the same time, and with tlie same tow- 
ing power, on the 60 feet canal, than on the two others. 

I have the honor to be, sir, very respectfully, your obedient servant, 

BERNARD, ^Wg". Gen. 

To the Hon. C. F. Mercer, M. C, Washington City. 



Extract from the first annual report of the PresideAt and Directors 

of the Chesapeake and Ohio Canal Company. 

"The enlargement and elevation of the Chesapeake and Ohio canal, frdm 
the lowesjt dam and feeder to the entrance of the streets of Georgetown, have 
been prompted by a due respect for the well known object of the express con- 
dition attached to the United States' subscription of a million of dollars^ added 
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to the desire on the part of this board, sanctioned by the voice of the stock- 
holders, of promoting the application of water power to domestic manufac- 
tures, at the very advantageous sites afforded, immediately above, as well as 
near, the ternlination of the canal. 

. " It is well understood that this cannot be effected without some injury to 
the navigation of the canal, for the whole, or a part of that distance, and it 
should not be encountered without an equivalent benefit to the comp^inyi 
and to the community. 

<< Should the pretensions of certain individual claimants, holding lands on 
both sides of the Potomac, to the exclusive use, for manufacturing purposes, 
of the water of this river, the' highway, but recently, of two sovereign States, 
be not sustained, the profit to be derived to the company, from the pro{K>sed 
application of part of the water of the much enlarged canal, will amply repay 
the cost of its enlirgement, 'while the public, as well as the stockholders, 
will be compensated for some delay in theif ascent of this short portion of 
the canal, by the rapid growth of their common market The company 
oannot be a loser, though the construction given by these claimants to the 
charter of the late Potomac Company be confirmed, by the judicial inter- 
pretation which they have sought of its true import, and of its subsequent 
modification by the charter of this company. 

<^ Stilly it remains, in the juflgment of the board, a question to be deter- 
mined hereafter, whether the enlargement of the dimensions of the canal, 
beyond' fifty feet,' shall be extended above the mouth of the Shenandoah, and 
through its ascent to Cumberland. 

** As far, at least, as the former point, a prudent regard to the competition 
which this commercial avenue has to encounter, not only for the trade of 
the west, but of its own tributaries, the valleys of the Potomac, and of its 
navigable branches, required that the board should avail themselves of all 
the aid which science could supply to fix this commerce in its natural channel. 
<< The acquisition of at least sixty per cent to the facility of transportation, 
upon the broader and deeper channel provided for the Chesapeake and Ohio 
canal, is believed to be worth more than an advance of twenty per cent upon 
the cost of its construction,* 

^' In the same spirit which has given these enlarged dimensions to the plan 
of the canal, the board have diligently and laboriously sought, by negotia- 
tion and argument, as well ashy appeals to legislative authority, to preserve 
the entire line of canal, above Georgetown, free from the dangerous, incon- 
venient, and costly obstruction of permanent bridges. They have invoked 
the interest as well as the patriotism of individuals, and the wisdom and 
policy of juries and legislatures. The appeal to the last has been in but one 
case availing; but they have been able to suspend the erection of any bridges 
for the present; and still seek, by the purchase of small tracts of land, lying 
between the canal and the river shore, to diminish the number of persons in- 
terested in opposing their wishes. . Until a modification can be had of the 

* "By an early order of the President and Directors, it was determined to verify, by ex- 
periment, the relative advantages afforded to navigation in boats of given dimensions , by 
, large and small canals . For this purpose, troughs were made, each 30 feet in leng^, de- 
' signed, by their relative capacity, to illustrate the proportions of the New York and Ohio 
canals to the Chesapeake and Ohio canal. 

.« Although tlje result of these experiments demonstrated the very great superiority of the 
larger ovef the smaller canal, so many defects were apparent in the manner of arriving at 
the results, that the board determined to ascertain, by the actual construction of a small part 
of the canal, the exact difference of the resistance offered to the passage of a boat of given 
dimensions and cargo^ on these canals.'' 



r Doc. No. 101. 1 sts 

charter of the company, conveyances formich parcels of laacF are proposed 
to be taken to trustees, for their future use. 

*' The entire quantity of land, from the District of Columbia to the Kitoc- 
tin mountain, lying between that required for the canal, and the river, was 
long since found, by actual survey, not to exceed 1,300 acres, of which, 
MTOre than 500 isire reported to be inarable. This land is not in one body, 
but in narrow slips, the property of namerous proprietors; and the erection 
and maintenance of permanent bridges for the accommodation of each, would, 
apart from obstructing-the navigation of the canal, cost more than the land 
itself is worth, at any fair estimate of its value. From the IVlonocacy to. the 
Point of Rocks, along the far better part of thi.s country, the quantity of land, 
exclusive of the precipitous banks of the river, cut off from the main by the 
canal, does not comprehend fifty arres; for five miles, it does not exceed six 
acres; the canal havfng been generally, always where practicable, conducted 
along the margin of the river, as well to avoid interruptions, as for the 
sake of belter ground, and a more ready access to the canal, itself, from the 
opposite shore of Virginia. Although much more deeply interested in pro* 
curing a ready passage across the canal than: her neighbor, whose territory 
it immediately borders, this State has readily assented, where the company 
may deem it expedient, to the substitution of ferries, for bridges over the ca- 
nal. Between Harper's Ferry and Georgetown, but few public highways! 
at all interfere with such a provision. One of these may be provided for by 
a very elevated bridge, another by a pi^t bridge over a lock immediately 
crossing it; and, in some cases, ferries, attended with no danger and very 
little delay, may be resorted to,, with the approbation of the local authority 
charged with this branch of the public police.* 

"Should the confident hope, inspired by intelligence recently received 
from the canals of Europe, as well as of the United St^^es, be confirmed, and 
it be found practicable to substitute, on this canal, the application of steam for 
animal labor, as its propelling power, its enlarged and unobstructed surface 
will favor, alike, economy of transpoitation and the comfort of the travel- 
ler: and render that, which is obviously the sliortest, also the cheapest 
and the most agreeable chan'iel of intercourse between the eastern and 
western States. Boats of elevated cabins and double decks, propelled by 
5team, will countervail, by a velocity of seven or eight miles an hour, the 
transient suspension of their motion by the locks; and by supplying the 
wants of every description of passengers, will afford, at the same time, cheap 
accommodation to the needy, and multiplied enjoyments to the rich. By 
such means will this improved channel of internal commerce, national in its. 
end, as it is, in part, in the resources provided for its accomplishment, con- 
firm the unipn of the States, without an undue increase of the power of their 
common Government. And if, in the prosecution of such an object, some 
expense may seem to have been encountered which parsimony might haye 
denied, the patriotism from which tliis enterprise sprung, and on which it 
must continue to rest, will not, it is presumed, reject the powerful appeal 
which an enlarged economy, in conducting such a work, addriesaes to theliC- 
gislatures of the Federal Government,, and of the States who sbaxa the c^ 
of its prosecution with public spirited individuals. To these individuals 
themsdves, the argument in favor of the plan adopted by the board ifl^ a9 
simple as it is intelligible, that a more costly canal, with an active navigation, 

"^ It haa been decided, by a Judge of Uie Court of Appeuls ip Marylanfi, that the company 
caiinot be compelled to erect bridfii«s across the cana). 

4X) " 
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will yield a better dividend^ than one'of cheaper dimensions withodt any 
commerce whatever." 

JBxirmcHs from the reports by Messrs. Sober ts and Cruger, of t fie exam* 
inatiorif survey ^ and estimate oj the western section qfJhe Chesapeake 
and Ohio canal; and from the first report of the United States* Efh^ 
gineers, of the examination and location qfthat section in 1824. 

GEORGETOWNy Scpt, 2, 1829. 

lb the President of the Board of Directm*s of the Ches. and O. Canal Comply: 

Sib: The summit level of the Chesapeake and Ohio canal, embracing the 
tunnel through the Alleghany ridge, the deep cuttings, and the basins at each 
end, and the feeder from the Casselman river, are the subjects of this com- 
munication. 

All which is respectfully submitted. 

NATHAN S. ROBERTS, 
Engineer of the second division C. and O. Canals 

The Alleghany ridge, through which the tunnel is to be cut, is supposed 
to be sandstone, with a mixture of slate: this opinion being formed from the 
quality of the rocks which appear on the surface, and in cliffs in the sides of 
me mountain at various heights. And, in corroboration of this opinion, it 
is proper to state, that the same qualities of stone present themselves both 
above and below the level of the tunnel, afong the line of the canal, in de- 
tached boulders and l^ge masses, variously disposed in the bed and on the 
margin of the rivers, and in the debris or hne broken stone, which in many 
places cover the steep sides of the mountain; and, proceeding west, the re- 
gular layers and horizontal cliffs and ledges of sandstone, appear in all the 
•teep hills and mountains through which the channel seeins to have been 
worn down by the Casselman and the Yougheogany, till they have united 
and passed through Laurel hill. . And the same quality of sandstone, with 
veins of slate, appears in horizontal strata above the coal veins, in ^he high 
hills in the vicinity of the Monongahela and Pittsburg, and in the coal dis- 
trict near Cumberland. Frostburg and Westernport sandstone is found in 
the same situations. In a few places these stone are of the millstone grit, 
and wrought for that purpose. This was observed on the ifational road, and 
about twelve miles down the valley of Wills' creek; but, in general, they 
are a soft sandstone, suitable for locks and all other purposes where cut stone 
work is necessary. 

The elevation of the tunnel or summit level is 1972 feet above low tides 
at Georgetown, and 1273 feet above low water in the Ohio at Pittsburg; and 
the difference shows that the Ohio river at low water at Pittsburg is 609 feet 
above common low tides at Georgetown. 

The length of the summit level consists of the tunnel of 4 miles, to be ex- 
cavated through the Alleghany ridge, and, at each end of the tunnel, a deep 
cut and a basin are extended, and terminated by a lock. 

The length of the deep cutting and the basin at the eastern end is 40 
chains, and the length of the deep cutting and basin at the west end is I mile, 
making the whole length of the summit level, from lock lo lock| 5 mites 
and 40 chains. 

The dimensions of a transverse section of the interior of the tunnel, and 
'upon which the following calculations are presented, are shown hi the an- 
nexed diagram, and are as follows, viV 
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The water for the passage of boats through said tunnel is to be 6 feet deep 
and 17 feet wide. The towing path to be 7 feet high (rising one foot above 
water) and 5 feet wide. The width of the tunnel above the towing path 
will be 22 feet, and the height 7 feet to the spring of the arch, which is sup- 
posed to be equal to a semicirle of ll feet radius. On each side of the bot- 
tom of the tunnel, a drain is to be sunk in the rock, below the bottom of the 
canal, equal to a cut of two feet square, with a descent of 3 feet in the dis^ 
tance from the centre to each end of the tunnel. A section of the tunnel, 
according to. these dimensions, is equal to ^2\ superficial yards; and the 
solid contents, in 4 miles, will be equal to 368,428 cubia yards. 

In the prosecution of this work, it is calculated that 120 men, dividedinto 
relays of 30 men each, may be advantageousfy employed at blasting and 
quarrying at each end of the tunnel: one company to perform 12 hours, and 
then be relieved by another company, to labor for an equal length of time, 
and thus proceed through the 24 hours, making, in the result, a force equal 
to 120 men laboring for 12 hours in each day. And it is computed that^ 
taking a portion of the heading, the side trimmings, and the drain; together 
witli the blasting and quarrying from the breast or body of the tunnel, a good 
hand will not average less than I of a cubic yard for each day's work. At 
this rate, 120 men will blast and quarry 90 cubic yards per day. 

The tunnel, as above stated, contains 308,428 cubic yards; this quantify, 
divided by the amount of one day's work, gives 4,094 days, and, allowing 
300 days for labor in each year, the time required to complete the excavation 
of the tunnel will be 13 years and 194 days. 

The wages, subsistence, and apparatus, furnished and kept in rispair, for 
each man per day, for blasting and quarrying in the tunnel, is computed, a!i 
fellows: 

Wages per day, on an average - - .^ -iSlOO 

Board and other necessaries of subsistence per day - - 50 

Gunpowder, all necessary tools, and light, per day - - 75 

Making the average expense of a day's work of one man - ^% 25 

, Then, a duty's work of 120 men, at the above rate, will be jS270; and the 
' amount of rock quarried, in the same time, befng 90 cubic yards, the average 
<!Ost wiir be v83 per cubic yard. 

The expense of transporting the excavated materials out of the tunnel, is 
computed as follows: a railroad with two sets of tracks is to be laid on and 
bolted to the bottom of the tunnel, as the work progresses, and to extend past 
the deep cutting and basin at each end of the tunnel, tor the purpose of con- 
toying the materials to a place of deposite and distribution. The expense of 
9 double railroad, equal to the whole length of the tunnel, and half a mile at 
each end, for the. above purposes, Is estimated as follows, viz. 
5 miles' of double tracks will require 105,600 feet of timber, 8 
by 12 inches square, and from 20 to 4Q feet long, for side rails, , 
delivered at 8 cents pef" foot - - - .- - 08,448 

10,560 inch bolts, 16 inches long, equal to 23 tons, at 150 dollars 3,450^ 
105,600 feet of rolled iron plates, 1 1 inches wide and jths of an 

inch thick, equal to 106 tons, at 0130 pier ton - - 13,780 

I ton of spikes .------ 200 

Fitting down and bolting the side rails to the rock, and spiking 
on the plates on the inner edge of each set of tracks, in a work- 
manlike^ manner, and completing the same fit for use, (the 
boits being ready made, and the plates punched at the above 
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prices,) 6,400 rods of the road, laid as above slaled, at 50 cents 

a rod - - - - - -.- 3,200 



Making the ^hole expense of the railroad - - - 829,070 

The materials excavated from the tunnel are to be transported on this rail- 
road, being laid for the purpose, from each end towards the centre, as the 
ezcavatioQ of the tunnel progresses. 

The load which a horse will draw on jsuch a railroaJ, and moving at the 
rate of 2^ n^iles per hour, is stated variously by different authors, and varies 
from 8 to 11 tons. But, in these calculations, 1 ton only is estimated for 
each load, on an average, to be drawn by one horse. The day's work of a 
m^n and team is computed at ten hours each day, moving at the rate of ^i 
miles per hour, including the titiie of loading and unloading — making 25 
miles for every period of 12 hours. 

The cost of a day's work of a man and team is estimated at • $2 00 
One assistant loader to each wagon, to have the loads ready, &c. 1 00 

Making the cost of 1 team and 1 loader, per day, equal to - vK3 00 
Supposing the materials to be taken from the tunnel to be sand rock and 
slate, the comparative weight or specific gravity of which is estimated at 2.8, 
then the weight of the contents of the tunnel to be transported, will be equal 
to 388,576 tons, to be taken out at each end of the tunnel, at 1 ton per load, 
or 777,152 tons in the whole 4 miles. 

The distance to be travelled out and in at each end of the tunnel is thus 
stated: at the commencement the distance would be, on an average, 40 chains 
out and 40 chains back; and, at the centre, of the tunnel, the distance would 
be 2 miles and 40 chains out, and the same distance back, and the number 
of times the average of these distances is to be travelled, is equal to the . 
number of tons to be taken out at each c d of the tunnel — thus stated; 
404.40+200 + 200x388,576—80=1,165,720 miles to be travelled out arid 

2 ' ■■ 

!n, from each end of the tunnel. This sum, divided by 25, the estimated* 
length of a day's travel, gives 46,629.12 days' travel fo; one team at 
each end .of the tunnel. But the transportation is to be done in the same 
time with the excavation; then, 46.629. 12 x 2 

• — «=22.8 tean\s per day, in the 

4 094 
whole, or 11.4 teams per day at each end of the tunnel, to keep even with 
the excavation. ^ » . 

As the height of the mountain over the line of the tunnel would render 
vertical shafts very expensive, it is proposed that, when the excavation of 
the tunnel has advanced about half a mile at each end, or, perhaps sooner, 
to ventilate the tunnel by means of a steam engine, of about ten horsepower, 
to be stationed, one at each end of the tunnel, with the necessary apparatus, to 
operate upon one or more cast iron blast cylinders, to be attached -to a 
wooden trunk of the capacity of one foot square, and made of two inch plank, 
well matched, pitched, and handed with iron, so as to be perfectly airtight,, 
and properly placed and secured on the towing path of the tunnel, and to 
be extended by additions, from time to time, as may be required. Through 
this tube, a sufficient quantity of air is to be forced, by the above apparatuSj 
to ventilate the tunnel to its centre. ' 



/^ 
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By a statement received from Mr. John Anthers, steam engine 
manufacturer at Pittsburg, the cost of a fir^t rate steam engine 
at that place, of 10 horse power, is - - ^ - l9l,200i 

One large air cylinder and apparatus - . • • . 5oor: 

Transporting the same to the tunnel, and putting the whole in good 

order fit for use - - - - - - 300 

A wooden trunk of the description above stated, and being extended 
bv degrees to ^he centre of the tunnel, 10,560 feet^at 50 cents a 
foot, --'• ^ . -- - - 5,280 

The expense of fuel, Mr. Anthers states, for 84 hours, is " 25 
bushels of coal," estimated at 8 cents, or **2-cordsof good wood," 
estimated at Si, - - - - - 2 00 

Cost of attendant and keeping in repair - -> 2 50 

Making the whole cost for 24 hours - ^ - - 84 50 

This expense would be necessary about lO years, then 104-300= 

3,000 days, at $4 50 per day - - ... - - 13,500 

Add for contingencies, 20 per cent. - - - - 4,220 

Making the whole cost of ventilating one end of the tunnel, for 

the required time, amount to - - * - S25,QQ0 

Mg. Anthers states further, that such an engine, with but very little re* 
pairin^i^ will last 10 years in oonstant use. 

It is proper to observe that bituminous coal, of the best quality, can be 
obtained within 5 or 6 miles of the west end of the tunnel, and that timber 
for fuel abounds more atlhe east end, wher^ coal is not to be expected bqj 
cheap; but perhaps it can be obtained at tlie above estimated price, or found 
in excavating the tunnel. 

Whether the tunnel, or any part of the interior, will require a lining of 
masonry, is uncertain. If the excavation should be sound rock in regular 
strata, no lining will be necessary, except, perhaps, at the ends, to give a 
finish, and prevent the ^arth from falling into the i»outh of the ttmnel. 
The cost of lining, more or less, is not included;- and it is proper to observe, 
that, where a lining beconves necessary, the section of excavation should be 
so enlarged as to preserve the same dimensions withiq the lining as are herein 
expressed. . 

From the foregoing calculation and analysis* of prices, the estinrated cost 
of the tunnel will stand as follows, viz. 
^Excavating 368,428 cubic yards of rock, at £3 - jll,105,284 

][lailroad, with double tracks, 5 miles • • - 29,070 

Transporting; the contents of the tunnel, viz. 22.8 teams, with 
one teamster and one loader to each teain, for 4,094 days, 
making 93,343 days, at y83 - • - - - 280,029 

Ventiliting the tunnel, viz. 2 steam efigines of 10 horse power, 
~ one at each end of the tunnel, with the necessary apparatus for 
ventilating, including the eicpense of fuel, attendant, and re- 
pairs, for 10 years, at $25,000 each • . ' - ^ 50,000 
' Add for Qontingencies 10 per cetit. - - - - 146,438 

'IVIaking the estimated cost of excavation, transpprtation, and ven- 
tilating the tunnel« amount to • • . Sl,610,821 
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$1,610,821 \ 

Which is equal to ———or $4 37^*^ per cubic yard for the whole^ 

yds. 368,428 
quantity of materials required to be taken out of the tunnel, according to the 
dimension^ above stated. 

The deep cutting and basin at the east end of the'tunnel, is 40 chains in 
length; the expense of constructing the same jis as follows, viz. 
Grubbing and cle,aning for canal and basin r - - ^1,000 

Common excavation, 44,600 yds. at^ 20 cts., to belaid in the 

lining for the basin - - ' • - - . ,8,920 

Rock excavation, 15^800 yds. at )S I « ^ - . 15,800 



25,720 

Add for contingencies 10 per cent. - - - - 2,572 



*^m 



£28,292 

The deep cutting and basin at the west end of the tunnel, occupy 1 mile: 
the- expense of constructing th« same is as folk^ws: 

Grubbing and clearing, preparatory - - - - $500 
Common excavation, 56,320 yds., iit 20 cts., to be laid in embank- 
ment to form the basin - - - - • 11,264 
Common excavation 74,800 cubic yds. at 15 cts. - - 11,220 
Rock excavation^ 44,000 cubic yds., at gl . •- - »• 44,000 



66,984 
Add for contingencies 10 per cetit. , ^ - . 6,698 



?73,682 



The dimensions of the deep cuttings for the canal from each end of the 
tunnel, are 30 feet at bottom of the canal, and the sides perpendicular through 
the rock cutting, with the usual slope of 3 to 2 given to the earth excavation. 
The basins wiH be formed by occupying the valley at each end of the tun- 
nel, where the same is below bottom, for depositing the materials taken from 
the tunnel in the form of an embankment; and lining the same with the 
excavated earth, to render the banks and bottom of each impervious to wa» 
ter. Each basin is to be forme4 with a waste-wier and ^ lock at the extremi- 
ty. The distance between these locks is 5 miles and 40 chains, including 
the basins, the deep cutting, and the tunnel, which compose the length of the 
summit level." — hep, oj Roberts and Cruger, ; ^ 

In the able report of the Upited States' engineers, on tlie^ilan and cost 
of constructing the contemplated tunnel through the Alleghany, tliey pro- 
posed to expedite the progress of the work, and to cheapen its expense, by 
linking over the tunnel forty -eight working shafts. By each of these, two 
additional surfaces to operate upon,would be presented to the laborers engag- 
ed in the tunnel, who work day and night without any interruption, except 
while elevating them to the surface of the mountain and letting them down, 
to renew their operations at regular intervals. These would, of course, be 
so ordered, as to allow ample time for refreshment and recreation to the 
laborer. 

A steam engine of ten horse power, costing about jS 1,200, and placed near 
tbe summit of each working shaft, would raise, and t]*ansport out of the way^ 
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ifie. excavated materials^ whether of vock or earth, as fast as the laborers 
could remove them, within the tunnel, to the bottom of the shaft. 

As to the mode of elevating these materials, none would, perhaps, better 
answer, than an application of the principle, by which the wheat is elevated ia 
a manufacturing flour mill. The empty buckets, on one side of an endles9 
chain of large square links, would balance those on the opposite side, at eve* 
ry stage of the revolution of the drum or cylinder, over which the chain re- 
volves; so that the weight to be elevated would be that only of the excavat- 
ed materials from within the tunnel. 

The cost of all the working shafts recommended by the United States' 
Board of Internal Improvement, is less than 8300,000. If reduced in num- 
ber, to four only, for each mile, their cost would be reduced in like pro- 
portion, so as not to exceed one hundred thousand dollars; while the oppor- 
tunity, thus afforded, of applying sixteen times the number of hands, which 
could be worked on the two extremes of the tunnel, would proportionably 
expedite its completion. Instead, therefore, of consuming thirteen years, 
with such facilities, the same work would be accomplished in less than a 
fourth of that period. 

Tunnels on railroads, as well as canals, are now so numerous in England, 
that estimates can* be as accurately formed of the money and time required 
for their construction, as for the cost of any other part of a railroad or canal. 

On the canals, alone^of that country, there were, in 1824, near forty tun* 
nels, varying in breadth from nine to twenty one feet; in length, from 70 to 
4,840 yards; their aggregate extent being 62,291 yards exclusive of those 
numerous subterranean canals for coal boats, of which, on a single canal of 
the Duke of Bridgewater, there are branches of the extent of eighteen miles 
on various levels; some sixty yards below .the main canal; others thirty-five 
and a half above it; the greater part of them all being hewed out of solid 
rock. 

The driving of the tunnel through Harecastle hill, on the Trent and 
Mersey canal, the first canal tunnel constructed in England, cost, in 1776, 
£3 10«. 6d, sterling, per yard run. On this sing'.e canal, in length 93 miles, 
with a lockage of 642 feet, there are as many as five tunnels, one mile of 
the longest of them, which is 2,888 yards in extent, was completed in a 
single year, though the natural surface of the earth was 210 feet above the 
tuunel. 

Messrs. Roberts and Cruger estimate the entire cost of the proposed tuiv-^ 
ael: through the Alleghany, at 1,610,821 dollars. To reach this sum, they 
compute the wages and board of the hands engaged in the excavation, at 
jll 50 cts. each per day, after allowing 75 cts. more for his gunpowder, tools, 
and light: the price of a cart, horse, driver, and assistant, working on a 
railway, and drawing less than half a cubic yard of the'excavated materials 
at ajoad, at $3 a day. It is not hazarding much to pronounce these al- 
lowances at least one-third too high. Carts are never hired on the Chesa- 
peake, and Ohio canal, at more than jSi 25 cts. per day, the driver being 
himself found, but finding^his^own horse; and ^80 cents per day is believed 
to be an adequate allowance for the wages of each hand, including his board. 
The subterranean character of the work would prevent the reduction of 
the working days of the month, by changes of weather, and still farther 
eh^apen the operation. Still, as the breadth calculated for the tunnel, ia 
this estimate, is about 17 feet less than the greatest utility of the work would 
require, after dedtfctipg Ihe third of^e computed ooist of the e«ceavat^>n 
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and transportation of materials, or 450,000 dollars for the above reason^ 
and the cost of ventilating the tunnel, in consequence of the introduction of 
the perpendicular working Shafts over it; being, in all, half a million of 
dollars, so as to reduce the cost of the tunnel described by the above engi- 
neers, exclusive of contingencies, to less than one million; the residue may 
be doubled on account of its increased breadth, and the sinking of the shaits; 
and the cost of the tunnel put down at 2,200,000 dollars, including all con- 
tingencies.* 

Thp ratio of the solid contents of the enlarged, to the solid contents of the 
smaller tunnel, it is admitted, would not be in^the direct proportion of their 
. relative breadth; but the increased facility of working in an enlarged space, 
and the reduction of the cost of transportation, effected by the application of 
the working sHaOs^ would make this estimate sufficiently great to cover the 
total expense of a tunnel, within which the canal boats might readily pass 
each other in opposite directions. 

This estimate supposes the tunnel to be conducted through solid rock; and 
an inner arch of brick or stone to sustain the crown of it, to be unnecessary, 
Stiould its passage be through earth, requiring artificial support, the cost of 
this should be added, but the expense of excavation be reduced^ since this 
necessity supposes the excavation not to be of rqck. 



Comparative cost of the various works on the western and eastern sections 

of the State canal of Penn^sylvania. 

The river Alleghany, uniting with the Monongahela, after having received 
the Yougheogany 12 miles above Pittsburg, forms the Ohio, at' that city, 
proposed termination of the Chesapeake and Ohio canal. 

A canal, from Pittsburg, up the Alleghany, Kiskiminetas, and Conemaugb 
rivers, to Johnstown, 104 miles in length, has already been constructed. 
The country along the line of this canal, and that along the Monongahela and 
Yougheogany rivers* up which, the western section of the Chesapeake and 
Ohio canal is to* be extended, is, in truth, the same. The cost, therefore, of 
the works on the canal, already finished, may be assumed to be the measure 
of the cost of the other: and, for this reason, it is deemed expedient to in- 
sert the following extract from a communication of Abner Lacock, esq. dated 
December 15, 1827, to the board of Canal Commissioners of Pennsylvaftia. 
^*By the voluminous reports of the engineers, the board will learn what 
has been accomplished, and what remains to be done, on this division of the 
Pennsylvania canal, of which the following is a brief extract: ' ^ 
- There has been, of excavation of earth - - yards^ l>522,4d6 

Do- do • do rock - *. 350,837 

Embankment made - - - - ♦• . 6^2,718 

Stone wall for protection - - - - perches, 22,390 

Mason work in locks, aqueducts, culverts, and bridges 32,307 

It must be evident that the principal expense of a lock and panal naviga* 
tion will arise from, and be applicable to, the work comprehended under the 
foregoing heads, taken conjointly; and to settle a question that has been made 
a- subject of dispute, an exact average hajs been made of the 'actual cost 
on each branch of tlie work upon this line, and the fbllowiag result has boeii 
obtained: 

* A stove pipe continued from the top to the bottom of each shaft, With a small fulmace ere^- 
tH over its summit, would ventilate the shaft effectually. 
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road and larm bridgea ... 
fencing canal, by the perch, with posts and 
boards - . - . 

locks, per foot lift, complete 

The contract prices (undoubtedly less than the actual cost^ of the like 
work OQ the eastern section of the FennsylTsnia canal, ninning throu^ * 
couDtry much resembling the valley of the Potomac, to which.it is pigrallei, 
will be seen in the subjoined synopsis, by Mr. James Clarke, superintendent 
of the Juniata division of that canal, submitted to the Board of CommissiDn- 
ers, of which he was a member, cotemporaneously with the preceding re- 
port of General Abner Lacock. 
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Conclutian of the appendix to the memorial ({/' the Chesapeake and 
Ohio Canal Company. 

From the (acts snd ressoning in the preceding part of this appendix, which 
has been unavoidably swelled to a voluminous size, the following deductions 
must be apparent: 

Ist That the actual cost of any canal or railroad most depend on the plan 
adopted for each work, and the character of the ground over which it is con- 
ducted, both as to the quality of its soil or excavated materials, and the re- 
gularity, or inclination of its surface. 
41 



322 [ Doc. No. 101. ] 

2cl. That the prime cost of the best constructed railroad, of two tracks 
only, passing over the most favorable ground, must ever greatly exceed the 
prime cost of the best constructed canal, of ordinary dimensions, passing 
over ground equally favorable for this species of improvement 

3d. That the best constructed railroads, of two tracks, in Europe or Ame- 
rica, and there are none, in either country, as yet, with more than two, ex- 
ceed, in their original cost, the best constructed canals in America, of ordin- 
ary dimensions. 

4th. That the Baltimore and Ohio Railroad Co. acknowledged, by the last 
annual report of its President and Directors, to be as yet imperfectly made 
for two-thirds of its extent below the Point of Rocks, and having but two 
tracks, will cost, per mile, nearly or quite as much, and if its obvious defects be 
hereafter supplied, probably more than the Chesapeake and Ohio canal, 
which, when done, will be the largest in the world; and, in construction, 
inferior to none. 

5tli. That the actual cost of transportation, for commodities, on the only 
railroad in England, of two tracks, on stone sills, fitted for the exchange of 
commodities between its extremes, exceeds the actual cost of transportation 
on any of the canals of ordinary dimensions in the United States, in the ratio 
of near or quite three to one, and this, whether the propelling power be ani- 
mal labor, or steam. * 

6th. That the cost of transportation on the first and best constructed divi- 
sion of the Baltimore and Ohio railroad, a division, about 13 miles ]on«;, 
which has cost jS60,000 a mile, has not been reported by the President and 
Directors of that company, but probably exceeds the cost of transportation 
on the Liverpool and Manchester railroad, and is thrice as greats as the 
cost of transportation on the Chesapeake and Ohio canal. 

7th. That the relative cost of keeping Up, by annual repairs, the fixed 
capital vested in the construction of railroads, and their necessary appurte- 
nances, and that of canals, has not been, as yet, determined by actual expe- 
rience for a series of years; but must prove to be greatly in favor of canals, 
so constructed, as to have no perishable structures about them, except the 
wood of the lock gates, and certain parts of the houses of their attendants. 

8th. And hence it follows, that where great velocity is not required for 
the transportation of the commodities of a country, as in one, the chief 
commerce of which, consists of the rude productions of^its forests, mines, 
and agriculture, canals furnish much more valuable channels of trade, than 
railroads. 

9th. But ii rapid motion be desired, such have been the late discoveries 
made in propelling passage boats on the canals in Scotland, that a rational 
and well grounded hope may be indulged, of approximating the speed of 
travelling on canals, very near to the useful or practical velocity on the best 
constructed railroads of two or more tracks. 

10th. There will remain, then, to counterbalance all these considerations 
in favor of canals, having an adequate supply of water, but one advantage in 
favor of railroads of any number of tracks, that of being unobstructed by ice, 
during that part of each winter, in which the canal may be frozen, so deep, 
as to be innavigable. But to this objection it may be replied, iJiat many 
winters, as far north as the valley of the Potomac, like that of 1827 and 
1838, afibrd no ice, at any time, of the thickness of three inches; and none 
are so intensely severe as to pass without occasional thaws. 

11th. To counterbalance this disadvantage, snow in Winter, and dust in 
summer, will be more injurious to raihroadsi thfto to canals. A remtedy for 
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this last cause of obiection^ is purchased, as we have seen, on the Liverpool 
and Manchester railroad, at a heavy cost of labor. In a thinly peopled 
country, in passing successive ranges oi inaccessible as well as lofty moun- 
tains, beneath precipices of rocks extending for miles together, the remov- 
al of drifts of snow, in- winter, would be attended with still greater expense, * 
and in snow storms or ice sleets of many hours, or several days' duration, 
would be nearly impracticable. 

I2th. The freezing of the water in a canal, is then, the sole consideration 
operating in the comparison unsettled between canals and railroads, to the 
prejudice of the former. 

And on this subject, there yet remains to be stated, some facts that are ^ot 
unworthy of consideration. 

On the 1st of January, 1831, twelve members of the House of Represen- 
tatives ascended the first twenty miles of the Chesapeake and Ohio canal, in 
a commodious packet boat, 'drawn by three horses amidst floating ice of 
three inches thickness, broken only tii^e day before. It was broken by a 
fiat bottomed boat, of the value of six dollars, commonly called a gondola; on 
board of which, were 248 barrels of fiour, drawn by two horses, guided by 
a lad of fourteen years of age, whose father received three dollars for the 
labor of his son and houses, who descended twelve miles, and returned the 
same day. The boat was protected from being cut by the ice, by two green 
cut poles having their stump ends attached to the bottom of it/ and brought 
together at the other ends, and fastened to the tow-rope. As it proceeded, 
it pressed the ice down, and made its way throusK it by crushing it to pieses, 
80 that the gondola received no injury. And if the ice on the surface of the 
canal, when three inches thick, can be overcome with such facility, by means 
so rude and simple^ a very short period, only, of suspended navigation, in 
each year, remams to be remedied by future invention. 

The celebrated civil engineer, to whom the world owes so much, and 
whom America, his country, has so imperfectly rewarded, the late Robert 
Fulton, always believed that it would be very easy to construct a boat capable 
of freeing the navigation of canals and rivers from the obstruction of ice in 
winter. 

In the winter of 1827 and 1828, there was not ice enough, after the month 
of November, 1827, on the rivers of Virgfnia, to fill an ice house; and the 
ice consumed in the southern cities on navigable water, in the ensuing summer, 
was imported from New England. In the latitude of tlie Potomac, therefore , 
the possibility, whenever an active commerce shall require it, of removing 
the obstruction of ice, on a broad canal, cannot be doubted. And with this 
confident expectation, the memorialists close the long protracted appeal 
which they have felt it their duty to make to the representatives of the 
American people, in behalfof a national enterprize which owes its existence 
to their wisdom and patriotism, and which, if steadily prosecuted, on the 
plan on which it has been successfully begun and faithfully continued, 
will be completed in a few years, and remain, ever after, the proudest 
monument of that freedom and independence which gave it birth. 
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ADDITIONAL DOCUMENTS. 



A descripiiofCfif the plan^ and a statement of the costj of the Union 

Canal of Pennsylvania. 

The Union Canal Company of Pennsylvania connects the Susquehannah at 
Middletown, nine miles nelow Harrisburg,"with the Schuylkill, three miles 
above the head of the Girard canal^ two miles below Reading, and about 
fifhr-seven miles above Philadelphia. 

its length is 80 miles, exclusive of a navigable feeder on the Swatara, 
hereafter mentioned. 

Its works comprehend a tunnel of 243 yards in length, 18 feet wide, and 
fourteen feet in height, two summit reservoirs, containing \2 millions of 
cubic feet of water, one of them covering 27, and the other 8 acres; two 
tfteam engines of 100 horse power each, and three water wheels for feeding 
the canal by pumping; two dams, one across the Schuylkill, near Reading, 
and the other across the Swatara, below Hummelstown; 43 waste wiers; 49 
culverts; 135 bridges; 12 small and two large aqueducts: the latter are over 
the Swatara, one 276 feet, the other 175 in length; two euard locks of wood, 
92 locks of cut stone, and 14 miles of protection walls of stone. 

The Swatara feeder, which is, in fact, a branch canal, is 24 miles in length, 
including the great reservoir, formed by a dam 40 feet high, and covering 
near 1,000 acres of surface, extending the navigation to the basins at Pine 
Grove. A railroad of about four miles in length has also been constructed, 
commencing at the basins in Pine Grove, and extending to the neighbor- 
hood of the coal mines, with a rise of about 130 feet 

The works, and especially the numerous aqueducts and locks, have the 
reputation of being well constructed. 

On the eastern division of the Union canal, there are — 
37 miles and 61 chains of canal, 
3fJ « of towing path, 
54 locks and two guard locks, 
311 feet of descent. 

On the western division— 
33^"^!^ miles of canal, 

/^ towing path, * 

37 locks to the Pennsylvania canal, 
192) feet of descent, 

2 locks of wood at Middletown, near the mouth of the Swatara ; descent 
16 feet. 
The summit level, which is planked, bottom and sides, is 6|» miles in 
length. 

Width of canal at bottom, 

** ** surface of water. 

Depth, ..... 

Depth of summit level, ... 
Length of lock chamber, - • . 

Breadth oT do 

Length of boat, - • . • 

Breadth, out and out, ... 
Greatest width inside the clear, - 



24 


feet, 




36 






4 






5 






75 






8i 






67 






S 




3 inches. 


7 




6 « 
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Burthen from 25 to 30 tonsy and will draw three feet of water: requires 
t3ne horse or mule, and the attendance of one man and one boy. 

The Swatara feeder is 6| miles long, 20 feet in width, four miles long, 
five feet wide, and two feet deep, descent 7 feet 

Feeder from Kentner^s reservoir 12 miles long, two feet deep, and 4i 
feet wide; descent 4^^^^ feet.^ 

The cost of this canal and railroad has been, exclusive of interest on 
loans, about two milliotis df dollars. Its stock consists of 2,500 shares of 
new, and 738 shares of old stock, at $200 each, which are now selling in the 
Philadelphia market at 228 to |I230 for the former, and 185 to 190 for the 
latter. The company have loans amounting to 111,430,400, upon which they 
pay quarterly an interest at the rate of six per cent per annum. 

> he tolls of this canal for the two last years, amounted to the following 
sums: in 1830, $35,133 82; in 1831, 59^137 21; and was derived from the 
following commodities, viz. 

Gypsum, 

Pish, 

Salt, 

Merchandise, 

Corn, 

Flaxseed, 

Cloverseed, 

Cotton, 



Flour, 

Wheat and rye. 

Whiskey, 

Iron, 

Coal, 

Lumber,, 

Shingles, 

Staves, 



Tobacco, 

Leather, 

Limestone, 

Butter, 

Lard, 

Hemp, 

Bricks, &c. 



The repairs of this canal from the 1st of April, 1828, to January 1, 1831, 
amounted to 314,737 40. 

Repairs for 1831 alone, 02,723, which shows that the amount for repairs 
is fast decreasing. 

It has four collectors of tolls, whose salaries amount, altogether, to about 
01,250 per annund; 80 lock tenders and engineers at water works, who re- 
ceive, on an average, 010,223 25 per annum for their services. 

The toll3 are collected at the following places, viz. Fair Mount, Reading, 
Lebanon, and Middletown, and some of the lock tenders are allowed to re- 
ceive tolls from boats passing a short distance on the line. 



RATES OF TOLL UPON THE UNION CANAL— 1831. 



ARTICLES. 



Ashes, pot and pearl 

Bark 

ground - - » • 
Bricks . . - - 

Beef, salted - - . - 
Boards and other sawed stuff - 
Barley - - 
Butter • - . . 

Clay 

Cider ... 

Coal - . - . . 



PER TON, &C. 




Pertonof 7 barrels - 
cord - - - • 
ton - - - - 

ton of 500 

ton of 8 barrels - 

100 feet board measure 

ton of 50 bushels - ^ 

ton - - - . 

ton - 

ton of 8 bbls, or 2 hhds 

tda . . - . 



licts 
1 

1* 
I 
li 
12 
li 

H 
i 



TdDr~ 

whole 

dist'ce. 



01 20 
80 
1 00 
60 
20 
00 
20 
20 
40 
20 
60 



1 
1 
1 
1 
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BATES OF TOLL— Continued. 



loll per 
mile. 



Corn, Indian 
Earth - 
Fish, salted - 



Flour 

Furniture, household • 

Grindstones 

Gypaum - . . . 

Hay 

Hoop poleSf for barrels 

Do forhhds. andpipes 

Heading for do 

Do for barrels 
Iron, bar, blooms, or wrought 

castings - . - 

ore - 

pig ... . 
Lard - - - - - 
Lime . - - - - 
Limestone - - - - 
Manure . - - - 
Marblcj unwrought 

manufactured - 
Merchandise . . - 

Mill stones and French burrs 

Gals 

Oysters , . - - 
Pork, salted . - . 

Posts, and rails, split 
Plastering lath, 3 feet long - 

Rye 

Rosin - - - - - 

Salt, fine . - - - 
coarse - - - - 
Seed, clover } 

flax [ - 

of all other kinds S 

Shingles - - . - 

Straw - - - - - 

Staves, for pipes - - - 

for hogsheads 

for barrels - - - 

Stone 

Tar 

Timber, round and square - 
Wheat . . . . 



Per ton of 40 bushels 

ton - - - - 
tonof7ibblsorl41ialf 

bbls 
ton of 10a barrels 
ton - - - - 
ton - - - - 
ton - - - - 
ton - 
ton of 4001 
ton of SOO I 
ton of 400 f ■ 
ton of 500 J 
ton - - - - 
ton - - - - 



ton of as bushels 



ton of 80 bushels 
Ion of 4,000 

ton of 8 barrels - 
100 - 

50 bundle3,'or5,000to 
the ton - - - 
ton of 40 bushels 
ton of S barrels - 
ton of 45 bushels ) 
ton of 33 bushels 5 ' 

ton of 40 bushels v 

thousand . . - 
ton - - - - 
ton of 400) 



n of 400) 
n of 500 J. 
a of 600 > 



ton of 4-5ths of a perch 
ton of 7 barrels - 
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RATES OF TOLL--Coatinued. 
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Whiskey, and o4her domestic 
distilled spirits . - - 
Window glass . - - 
Wood .-'-•- 
On all articles not enumerated, 

passing eastward 
On all articles not enumerated, 

passing westward 
On passing boats - - - 
On boats used for transporta^ 
tion, carrying over 5 tons - 
On boats, if empty, or carrying 
uotmore than 5 tons, besides 
the toll on cargo 
For passing the outlet locks at 
Middletown (except such 
boats as have come,or are go- 
ing immediately on the Uni- 
on canal): 
On every loaded boat - 
On every empty boat - 



Per ten of 2 hhds. or 8 bbls. 
ton of 2,800 feet 
cord - - - - 

ton • V * 

ton - . - - 

mile - - - 

mile - - . - 



- I mile - 



II 

2 

1 

u 

2 
20 

2 



1 40 

1 60 

80 

1 20 

1 60 

16 00 

ft 

I 60 



3 20. 



75 
50 



STATEMENT of the Tonnage which passed the Union Canal, from 
the first of November, 1830, to November 1st, 1831. 



ARTICLES. 



Flour - - - - 

Wheat and rye - . - 

Whi?key . - - - 

Iron - - - - 

Coal (bituminous) 

Lumber - - - - 

Shingles - - - - 

Staves - - - - 

Gypsum - - - * 

Fish . . . . 

Salt - - 

Merchandise - - 

Sundries, consisting of corn, 
- flaxseed, clover seed, eot- 
^ ton, tobaccOjleather, lime- 
stone, butter, lard, hemp, 
bricks, Sic.. - - - 



QUANTirr. 



74,905 barrels 

257,565 bushels 

12,763 barrels 



85,053 bushels 
13,303,000 feet - 
6,292,000 * 



12,263 barrels 
61,920 bushels 



Total amount of tonnage 



WEIGHING TONS. 



7,133 


16 





6,439 


3 2 





1^595 


7 2 





5,110 


15 3 


14 


2,835 


2 3 





13,303 


1 1 





3,146 


5 2 





83 


3 





6,996 


1 2 





1,635 


2 1 


7 


1,548 


8 3 


23 


6,389 


6 3 






3,755 4 22 



59,970 16 2 10 



Amount of tolls received during the $ame jj^^od^ fSA^VOn %V 
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Extract from a speech of Mr. MojfniBBrdj dtHoered February 25, lS32f 
in the Senate of New York, showing how small a portion of the revc 
nve of the Erie canal is derived from passengers. 

The. report of the caoal bowd, said Mr. Maynard, states the amount of 
tolls reeeived oa passengers in packet boats during the last year, at about 
8,000 dollars; but that they were not able to state the precise amount re- 
ceived on passengers in other boats. * They had, howeyer, given some data 
from which a calculation could be made, and from which he had made an 
estimate, though it was difficult to ascertain the precise sum. Hi» estimate. 
was^ that the tolls on packet boats amounted to 12,000 dollars, to which, be- 
ing added the 8,000 dollars received on passengers, made the whole amount 
received on these boats and their passengers, 20,000 dollars. The amount 
of line boats, he estiiAated at 28,000, but would set it down at 30,000. The 
whole amount would then be 50,000 received annually from this source; and 
it remained to be considered how much would be withdrawn from the canal, 
should this road be constructed.* Mr. M. conceded that all the tiavellingin 
packet boats would be withdrawn from the canal if thi» road should be con- 
structed, but denied that any wouM be withdrawn from the line or freight 
boats. Those who travelled in them consisted almost wholly of emigrants 
from the eastern States to the western country,, and emigrants from Eu* 
rope, English) Irish, Swiss, [Germans, Mancks, and Welsh, having the 
same destination, none of whom would ever travel on the railroad. They 
did not desire expedition, but sought a slow, safe, and economical mode cf 
conveyance^ and there wasnOTitf more economicaly tlian in those boats, where 
an adult passenger could be carried one hundred miles, for two dollars and a 
half, including his board. Mr. M. believed it a fair estimate that j$50,000 
annually, for tolls from this source, was all that would ever be realized. 
Now, said Mr. M., will the State retain all this, if the railroad be not made2 
He thought not. A report made by the canal board to the Senate, in 1830, 
stated that these packet boats should be driven from the eanal, sooner or 
later. And a report from the Committee on Canals of the Senate of the same 
year, stated that it was a convenient mode of travelling and transporting 
valetudinarians^ but that they had done moreinjury to tlie canal j than all the 
tolls ever paid by them, into the cajial fund, had benefitted that fund, and 
that it would be better to stop them at once. Still they had been permitted 
to remain. The proprietors, themselves, believed that the time was not &r 
distant when they would be driven from the canal.'' 



RAILROAD FROM ALBANY TO SCHENECTADY. 

Report of the President and Secretary of the Mohawk and Hudson Bait- 
road Company to the House of Assembly of the State of New York. 

New Yobjc, January 26,. 1832. 

The undersigned, the President and Secretary of the Mohawk and Hudson . 
Railroad Company, beg leave, in compliance with the resolution of the hon- 
orable House of Assembly of the 21st instant, respectfully to report: 

1. That it appears by the books of the treasurer of the said company, that 
the sum oi four hundred and eighty three thousand two hundred and fifteen 
dollars and forty* six cents, (483,215,46) has been actually paid and disbursed 
ia the construction of said railroad,t up to the present date. 

*A road parallel to the canal. 

/ Thi9 nulroad is but sixteen nul^ft ^oug* 



■ I 
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8. That, from the estimates of the engineers of the said company, and from 
an examination recently made of the contracts not yet completed, it appears, 
that, to complete a double railroad within the limits prescribed by the act 
incorporating the Mohawk and Hudson Railroad Company, with the neces- 
sary machinery, carriages, and appurtenances, will require the expenditure 
of the additional fum of one hundred and fifty-six thousand six hundred and 
ninety-three dollars and eighty-seven cents, (^156,693.87.) 

3. That the precise route of the branch railroad contemplated by the said 
company, has not yet been determined upon, nor any accurate examination 
made of the ground. The undersiened are therefore unable to state with 
any certainly what the expense of constructing the branch railroad will 
amount to> but they are inclined to believe that it will not vary materially 
from the sum of one hundred thousand dollars, (2100,000,) being the amount 
the said company has (in the joint application made with the Albany and 
Schenectady Turnpike Company, to the honorable the Legislature of the 
State,} prayed may be added to its capital stock for the express purpose of 
making said branch. 

The undersigned beg leave respectfully to add, that, until the railroad be 
completed, the details of the items on which the expenditures above recited 
have accrued, are necessarily kept in the offices of the engineers of the com- 
pany, in the cities of Albany and Schenectady. They have therefore judged 
it to be more respectful to the honorable House over whose deliberations 
you preside, to communicate forthwith the information immediately within 
their reach, complying, as it fully does, with the terms of the resolution, than 
to delay for the purpose of presenting their report in a detailed form, speci- 
fying the exact objects to which the expenditures have been directed. They 
beg leave, however, to tender, on behalf of the board of directors of the 
Mohawk and Hudson Railroad Company, any additional information their 
archives may contain, and this not as a matter of mere duty, but in the be- 
lief that the experience of this company may be of value in the investigation 
of the many projects of similar character now pending before the Legisla- 
ture. 

All which is respectfully suh^mitted. 

STEPHEN VAN RENSSELAER, 
President of the Mohawk and Hudson Railroad Company. 

JAS. RENWICK, 
Secretary of the Mohawk and Hudson Railroad Company, 



RAILROAD PROM NEWCASTLE TO PRENCHTOWN, 

IK THE STATE OV DELAWAKE. 

The length of the road from centre of Front street, in Newcastle, to the 
wharf, on Elk river, at Frenchtown, is 86,910 feet, or lO^Yv niUes. 

Note. — ^The length of a straight line, connecting the eastern and western 
terminations of the road, is 84,332 feet, or IS^y^ miles. 

This road is composed of 6 curves and 6 straight lines, of which the 
curves amount to 27,240 feet, or 5^^^ miles. 

And the straight lines amount to 59,670 feet, or lU^^ miles. 

The radius of the least curve is 10,560 feet, or 2 miles. The deflection on 
100 feet of which, is ^.^^ J of a foot, or 1^\ inches. 

The radius of the greatest curve is 20,000 feet, or 3^^^ miles. The de- 
flection on 100 feet of which, is 0.062 of a foot, or 2 of an inch. 
42 
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The road bed is graded 26 feet wide, exclusive of side drains; average 
width, including drains, about 35 feet 

llie whole amount of excavation, exclusive oi those drains, is 496,000 
cubic yards. 

And the whole amount of embankment is 423,000 cubic yards. 

There are 4 bridges or viaducts, and 29 culverts of stone masonry. 

The deepest excavation is 36-^ feet 

The highest embankment 23^^ feet 

The greatest ascent or descent on the road is 29 feet to a mile. This 
grade is only for about ^^ of a mile next to the western termination of the 
road. 

The greatest ascent or descent on any other pati of the road, is 16^*-^ feet 
per mile. 

The cost of graduation, including the cutting of drains, fillins wharves for 
landings at New Castle and Frenchtown; and also horse track within the 
rails, and exclusive of masonry, .... jli85,000 

Or, per mile, about, ------ 11,000 

The cost of bridges and culverts, (materials and workmanship) about 16,000 

Or, per mile, nearly, - . - - . 1,000 

A smgle track of railroad is laid down with seven sidelings for turn-outs of 
500 feet in length each. 

On about 9 miles of the track, the rails are laid upon blocks of granite, con- 
taining each about 2 cubic feet, placed at the distance of 3 feet apart from 
centre to centre, and well bedded on sand or graveL 

The string pieces upon which the iron bars, or rails, are laid, are of (Geor- 
gia yellow heart pine, 6 inches square, and are fastened to the blocks by cast 
iron knees, two to each stone. 

The iron rails (or bars) are 2i inches wide, and i of an inch thick. 

On the remainder of the track, say 7i miles, the string pieces and rails of 
the above description, are supported on wood foundations; the greater por- 
tion of which is of the description following, viz. 

Hemlock plank, averaging about 10 inches wide and 4 inches thick, are 
laid lengthwise along the track on both sides, in the bottom, resting on sand 
or gravel. On this foundation, cross sleepers of white oak, about 7J feet 
long and eight inches in diameter, are laid 3 feet apart from centre to centre, 
which are spiked down to the plank. On these sleepers, the string pieces 
rest, and are secured to them in the usual manner. 

The cost of materials and workmanship foMhe part of the track with stone 
foundations, per mile, - - . . . $6^300 00 

Cost of the materials and workmanship for the part of track with wood 
foundation, per mile, ------ 04,440 00 

The total cost of the road, including land, fencing, damages, wharves or 
landings, expense of engineer department, pay of officers, &c., and exclu- 
sive of depots and other buildings riot completed, - - 1^365,000 00 

Or, per mile, about, ..... 22,000 00 



New Castle, jJpril 7th, 1832. 

Dear Sir: The preceding answers to your inquiries relative to our rail- 
road, are made out as exhibiting, as near as practicable, the Information de- 
sired. As we have not yet entirely completed the road, we cannot piesent 
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a statement of expenditure embracing the full amount, with certainty. As 
to the expense of transportation, we have not yet had time to ascertain what 
it will be. 

Yours, respectfully, &c. 

' KENSET JOHNS, Jr. 
Hon. Chas. F. Mxbgxb. 

LIVERPOOL AND MANCHESTER RAILROAD. 

From 'Gore^s Liverpool Oeneral Advertiser. 
Pablithed prior to the commencement of the road. 

^P&OPOSXD BAILROAD. 

« Mr. Stephenson, of Newcastle-upon-Tyne, has laid down the line be- 
tween Liverpool and Manchester; the distance is 33 1-16 miles. The sur- 
reys are nearly completed, and the committee entertain not the least doubt 
of being ready for the next session of Parliament. Independent of the great 
benefit which the commercial interest will derive from the project, which^ 
both as regards time and cheapness, will prove most important, the landed 
interest in the vicinity of the line, will also derive very great benefit. The 
communication will be so cheap and rapid, that the distance from a market 
for produce, or for the supply of manure, will amount to very little. New 
collieries will be opened, and coals will be much reduced in price. The 
public, in general, entertain wrong impressions respecting railways: they 
never hear them mentioned, without referring to such as are seen in the 
neighborhood of coal pits and stone quarries. But such improvements have 
taken place, that they are no longer the same thing; besides which, a rail- 
way, without a locomotive engine, is something like a cart without a horse, 
a trade without profit, or a canal without water.'' 



From the Courier^ 

BAILROADS AND LOCOMOTIVE STBAM ENGINES. 

The public, generally, are but very litde aware of the uses to which rail- 
roads are about to be applied. The following information, therefore, will, we 
trust, be acceptable to our readers. 

Hitherto, railroads have been used for very limited purposes, and when- 
ever they are spoken of, it is in connection with coal pits and stone quarries; 
but they are now about to be applied for. the purpose of conveying mer- 
chandise over very extended lines of country, and thus they are becoming 
an object of great national interest 

Railroads, as hitherto worked by horses, possess very little, if any, ad- 
vantage over canals; but railroads worked by the locomotive steam ensine, 
have so decided a superiority, both as regards time and expense, that tnere 
can be no question but they will be generally adopted, wherever a new line 
of conveyance has become necessary, either from an increased trade, or from 
the exorbitant demands of canal proprietors. 

By the locomotive engine, fifty tons of goods may be conveyed by a ten 
horse power engine on a level road, at the rate 6f ^ix miles an hour, and 

hter weights at a proportioned increase of speed. Carriages for the con- 

^($e of passengers, at the rate of 12 or 14 miles per hour. For canals, 

^^V to have a dead level, but not so for railroads; an. engine will 

^ an elevation of one-eighth of an inch to the yard. Where 
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the ascent or descent is rapid, and cannot be counteracted by cuttings or em- 
bankmentSy recourse must be had to permanent engines and inclined planes^ 
just as recourse is had to locks for canals: but here again the railroad sys- 
tem has a great advantage; the inclined plane causes no delay^ while locking 
creates a great deaL 

Two acts of Parliament have already been obtained, namely, the Stockton 
and Darlington act, and the Moreton act. On these lines, which exceed 
thirty miles each, it is intended to adopt the lopomotive engine, and they 
will both be very soon ready for the conveyanoe'of goods. There are also 
three or four other railroads projected. 

Two years ago, several gentlemen in Liverpool and Manchester subscrib- 
ed to obtain a survey of a line between those two towns. It was accom- 
plished and found practicable. From various causes, the prosecution of the 
plan was delayed; but, a few months since^ it was undertaken with great 
spirit A deputation' from both towns was appointed to inspect the rail- 
roads and locomotive engines of the north. They inspected the Stockton and 
Darlington line, and inquired minutely into its cost; they witnessed the en- 

g'nes working on the Helton railroad, near Sunderland, and made a most 
vorable report. The committee immediately appointed Mr. George Ste- 
phenson, of Newcastle-upon-Tyne, their engineer, who has since surveyed 
and adopted a new line. Its length is 33 and l*l6th miles, and the greatest 
ascent or descent is only 1-1 6th of an inch to the yard. The distance by 
the high road is 36 miles, and by the canals and river 50 miles. The shares 
appropriated to Liverpool and Manchester, have all been disposed of, but 
the committee have a small number placed in their hands, to be distributed 
as they may deem proper. Application for an act will be made next session 
of Parliament; the cost is estimated at about £ 300,000.* Mr. Stephenson 
has also laid down a line between Birmingham and Liverpool, of which re- 

fort speaks most favorably; and the Birmingham committee will also go to 
Parliament next session. 



Extract from d late Report of the Directors of the Liverpool and Man- 

Chester railway. 

Liverpool, 28/A September^ 1831. 

The directors, at thegeneral meeting held in this place exactly six months 
ago, laid before the proprietors the result of the working of the railway for 
3i months, up to the 31st December, 1830. 

They have now to report the result of six months' operations, from the 
1st January, to the 30th June last. During that period, the company's busi- 
ness, both in merchandise and passengers, has oeen gradually and steadily 
on the increase. 

The tonnage of merchandise conveyed between Liverpool 
and Manchester, for the six months, amounts to - - 35,865 tons. 

Between Liverpool and the Bolton junction, - - 6,827 << 

42,692 « 



Coals, principally from the Huyton collieries, a distance 
of five miles from Liverpool, - - - . - - 2,899 " 

Number of passengers booked at tlie company's oiBSces, ^ " 

* About oaeAhxcd of Its ac 
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The gross receipts on this traffic are as follows: 
On passengers, ...... 

merchandise* ...... 

coal, -..-...- 



je43,600 f 5 

21,875 1 

218 6 2 

£65,693 13 8 



Amounting to 4^. 7^d. each, per passenger booked, and lOs. 3d. per ton 
of merchandise conveyed. 

The disbursements upon the same traffic, amount to de35,379 3 10 



Or, belonging to the coaching department, 

to merchandise, &c. - 



jei9,099 16 5 
16,279 7 5 

de35,379 3 10 



These disbursements y the directorsy from th^ classification of their ac- 
counts, are enabled to apportion to the different departments, and under 
different heads of expenditure, as follows: 





Per pas- 
senger 
booked. 


Per ton 
of mer- 
chandise. 


Coaching de- 
partment. 


Merchandise 
department. 


Totals. 


Disbursements exclusively in 
the coaching department, 
consisting of porterage, sal- 
aries, repairs, &c., includ- 
ing S^d per passenger for 
Omnibussus 

Disbursements exclusively in 
the merchandise depart- 
ment, consisting of porter- 
age, salaries,' cartages, &c. 

Locomotive power account, 
proportioned according to 
the number of trips of 30 
miles, in each department 
re8pectively,comprising re- 
pairs of engines, w^;e8, 
coke, &c., including £33 
17s. 3d. for conveyance of 
coal as back carriage 

Sandry disbursements pro- 
portioned according to the 
receipts in each depart- 
ment, conisting of police 
eftablishment, general of- 
fice establishment, mainte- 
nance of way, rates, taxes, 
&c. including £2910 Os. 3d. 
for interest of money bor- 
rowed - * - 


8* d» 
7i 

5} 
lOj 


•• d, 

3 10| 
1 8J 

1 

1 Hi 


£. «. d. 

•6146 11 

4505 18 10 
8447 6 7 


£. •. d, 
8306 3 11 
3692 14 5 

> 

4280 9 1 

• 


£. a. d. 

6146 11 
8306 3 11 

* 

8198 13 3 

> 

12727 15 8 


Total disbursementf 
Amount of profit - 


2 Oi 
2 7 


7 7 
2 8 


19099 16 5 
24500 11 


16279 7 5 
5813 18 10 


35379 3 10 
30314 9 10 


^88 receiptt as per above 
•tient 

* 


4 7i 


10 3 


43600 7 5 


22093 6 3 

* 


65693 13 8 
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<< The directors have found the disbttrsements consider ably heavier than 
they anticipated, especially that portion of them belonging to the merchandise 
department It may be proper, however, to remark, that the quantity of mer- 
chandise conveyed is comparatively small, the business at the present moment 
being on a much larger scale than the average business of the six months in- 
cluded in this statement, while the expense of carriage will not keep pace in 
the same ratio with the increase of the tonnage. On the other hand, with re- 
ference to the present result, as no allowance is made for wear qfmaterialSf 
(except what is comprised in actual repairs,)- the first six months will have 
some advantage over succeeding periods, from the wagons, &c. being new 
to begin with. The above statement of receipts and disbursements has refer- 
ence, of course, exclusively to the traffic on the line. The sum raised by 
the creation of new quarter shares, being appropriated altogether to the 
building of warehouses, wharfs and sheds, the purchase of engines, cranes, 
and wagons, and, generally, to the completion of the road and the works. ^ 



The following extracts are from a work entitled << Remarks on Canal 
Navigation^ by William Fairbaim, Engineer ^ published in London 
in 1831." 

Since the first formation of canals in this country, 'there have been very 
few attempts made to improve the construction of vessels adapted to an in- 
land navigation. The passage boats of the present day are nearly the same 
as they were fifty years ago; and little, or rather no improvement has taken 
place in the heavier description of vessels for the conveyance of goods^ 
since the period of their first introduction. Probably this might have gone 
on in the same state of supposed perfection, had not the introduction of 
railways, which are now in progress, occasioned such a sensation in the 
country. 

From the first commencement of canal navigation up to the present 
time, the average speed of conveyance has never exceeded four miles and a 
half per hour on passage boats, and two miles and a half on heavy flats. — 
This seems to have been the maximum velocity; and it was taken as an es- 
tablished rule, that boats could not be conveyed along canals, at a greater 
rate, without incurring loss, and a considerable increase in the cost of transit 

My particular attention was, in the month of January last, drawn to 
these very obvious defects in canal navigatipn, by Mr. Thomas Grahame, 
of Glasgow, who had, for some years before, been giving a great deal of at- 
tention to the improvements on canal navigation, by the introduction of 
steam as a moving power. 

Mr. Grahame requested me to give the subject my best consideration, in 
order to see how far such a light description of boat, having a small draught 
of water, would be applicable to quick speed, and whether steam could not 
advantageously used* as a propelling power on canals. 

The ^Ifilment of Mr. Grahame's instructions, was surrounded with diffi- 
culties of no ordinary character; such as the resistance of fluids to moving 
bodies, the agitation of the surface, and the consequent danger to the banks 
of the canal, arising from the surge or wave, occasioned by vessels propell- 
ed at a quick rate. These and many other obstacles presented themselves. 
Not the least, however, was the power requisite to raise, and maintain ^"^ 
accelerated velocity in bodies opposed by such a powerful resist/i'* 
aJfio appeared questionable^ whether the Qower required wa^^^ 
eommeaaurate ta the advantage gadned by liSM^ ^^xKx^^^^y^^ 
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In Holland, the passage boats travel at the rate of six English miles per 
hour; and I believe, on some lines of navigation, it is no uncommon occur- 
rence for boats to move even at a greater velocity. In this country we sel-. 
dom, if ever exceed five miles; and I am inclined to think, that four miles 
and a half per hour is the greatest and most advantageous speed we have 
yet attained. 

The source, to which I looked for improvements, was steam; a judicious 
employment of which might remove the difficulties, and furnish power su(^ 
ficient to overcome all obstructions. Steam engines of the usual con 
struction, from their great weight, seemed but indifierently calculated for 
propelling boats on canals, as the draught of water would be increased, and 
greater risk of injury to the banks would be the consequence. Engines on 
the locomotive principle, from their portability and lightness, appeared best 
fitted for the purpose, and best calculated to give the requisite force, with- 
out materially increasing the weight of the boat, or producing the appre- 
hended injury to the canal banks. 

This being a settled point, the next consideration was, how to employ 
these engines to advantage; how to give perfect security; and, at the same 
time, how to produce at least a double velocity, without incurring the inju 
rious tendencies already detailed. This was certainly a desideratum more 
to be wished for than expected. We all know that force must be applied to 
a body to move it through a fluid; that such force meets with opposition from 
the resisting fluid; and, that that resistance is stated to increase with the 
squares of the velocities. These points being taken for granted, it will be 
seen that there was much to contend with in surmounting such formidable 
obstacles. 

Taking as a datum what has been already stated, that the resistance of * 
fluids to passing bodies is as the squares of the velocities, I had then to cal 
culate what power would be requisite to give the increased speed to boats of 
difierent tonnage, and to produce a force equal to the resistance as laid 
down by scientific men, who have treated on this subject 

I was prevented pursuing with Mr. Grahame the inquiries on the sub- 
ject of canal steam navigation, by business, which compelled my own and 
his attendance in London for the greatest part of last spring. 

While we were engaged there, an experiment was made by William 
Houstoun, esquire, of Johnstone, on the Ardrossan canal; the results of 
which were communicated to me, and which at once seemed to make rapid 
motion on a canal infinitely more easy, by doing away with the danger of 
injury to the banks, by wave or surge consequent on quick motion through 
a comparatively narrow body of water. 

The experiment, made by Mr. Houstoun, consisted in the introduction in 
to the canal of a common gig boat, in which ten or twelve passengers were 
seated; after which the boat was drawn through the canal by asitigle track 
horse, at the rate of twelve miles an hour, withput either wave or surge. — 
Unluckily iio printed account of this experiment was ever published, or it 
would be proper here to insert it 

In pursuance of this first experiment, Mr. Grahame, on his return to 
Glasgow, proposed to have it renewed on the Forth and Clyde canal; but^ 
on examining the gig boat, with wliich the experiment was made, he found 
it was so light and unsteady, as to give an idea of want of safety to passen j 
gers; and he was afraid that if a larger and stronger boat were built, it 
might have the samefagits; and, at all events, it would be so crank as to hs 
nafittesd for the apfdieation of tfteam powisr^ 
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To avoid these difficulties, and to obtain steadiness and security on the 
water, the idea of a twin boat, of the description of the single gig boat, sug« 
gested itself to Mr. Grabame, and, to prove the suggestion, an experiment 
was made, of which the following account appeared in the various newspa* 
pen of the day: 

<< Experiments on the velocity of light boats on a canaL 

*<The following experiments prove, most satisfactorily, that a very high 
rate of speed may be obtained and kept up on canals for the conveyance of 
passengers and luggage, at a veiy trifling expense, and without injury to the 
odnks^ by the agitation of the water. 

<< About six weeks ago, at the suggestion of one of the committee of ma- 
nagement of the Ardrossan canal, a gig, such as is used in rpwing matche5, 
was hired, and being launched on that canal, it was found that she could be 
drawn along the canal at the rate of twelve miles per hour. Oii this occa- 
sion, eight persons and the steersman were in the gig, when a distance of 
two miles was accomplished with one horse in ten minutes, without any 
surge or agitation of the water, so as to injure the banks. . 

<< As, from the necessary lightness of the above description of boats, they 
are very crank or unsteady in the water, and easily moved from side to side, 
the following experiment, to try the effect of a double or twin boat, was 
made on the Forth and Clyde canal, on Thursday last 

<<Two gigs were hired, but unluckily two of the same size could not be 
procured. The one gig was thirty-three feet in length, and four feet two 
inches in breadth, at the broadest point. The other was thirty feet in length, 
and four feet in breadth, at the broadest They were strongly fastened toge- 
\her by cross planks, and otherwise secured, so as to prevent any yielding. 
At the point in front where the respective keels cut the water, the distance 
was exactly four feet nine inches, measuring along the surface of the water, 
while the distance about the centre of the boats, measuring on the surface 
of the water, was only 18 inches. Between the prows of the two boats, a 
pole was fixed or inserted in one of the connecting boards, three feet in 
height, and to the top of which a towing line was attached, which, unfortu- 
nately, however, was too short and too thick. The horses, also, used for the 
trial, could not, except at a gallop, go at a pace above eight miles an hour. 
The boats proceeded from the old basin on the Forth and Clyde canal, and 
went out three miles and a half towards Kirkintilloch. The first mile, in- 
cluding the passage of a bridge, where the line was thrown off, and the 
time lost in consequence of the rope yielding over the top of the pole, and 
being thus disengaged from the boat, was about seven minutes; and the 
surge was not greater than that raised by the common canal passage boat 
Even at the curves, where, from the shortness of the line, the boats were 
obliged to come close into shore, the water never receded under the bottom 
of the stone facing. The next two miles were done, each in the course of 
six minutea, but the pace was very irregular, owing to the necessity of 
keeping the horse at a gallop. In returning the three miles and a half 
homewards, no regular account was kept of the first two miles and a half; 
but the last mile was done in five minutes, including the time lost at the 
passage of a drawbridge, where the line had to be thrown off, and the pass- 
ing of a large sloop, where the speed was obliged to be slackened. In the 
last nwle, the surge occasioned by the passage of the boat through the canal, 
was leas than when moving at a lower velocity, and could not, by possibili- 
ty, injure the banks in the least OLeg^, ^nVi^i^XvcL^ N>¥vti\ stone; nor would 
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the surge have injured the banks more, though unlined with stone, than the 
ordinary passage boats moving a little upwards of five miles an hour. Mr. 
Hunter, the proprietor of the boats, stated his belief that this would be the 
result of a high rate of speed before it was tried; but whether the decrease, 
of wave arose from the steersman of the boats having become better ac- 
quainted with their trim in the canal, or from whatever other cause it arose, 
their effect was evident to every person on board When passing through 
the water, there was very little agitation on the outside of the two boats, but 
the water was frequently raised six and seven inches, and more in the centre 
parts of (he little trough or canal between the boats; so much so, that small 
portions of it were thrown over into the boats. The water, after passing the 
straight parts of the trough or canal between the boats, came out with great 
• rapidity behind, and went off in a small column or wave, sometimes five or 
BIX inches above the keels or rudders, making towards the banks on each 
side. The number of people on board the boats, was nine or ten. After 
this experitnent, the larger boat was detached, and two miles out and in on 
the canal were done at the rate of fift<^en miles an hour. One of these 
niiles, where a bridge had to be passed, and in which a loaded vessel was 
also passed, and where, at the bridge, the line had to be thrown off, and then 
caught and thrown into the boat, was done in four minutes and a half. In 
fact the speed seemed only limited by the power of the horses. The surf or 
surge was very slight with the single boats, even when moving at fifteen 
miles an hour; but still it bore a much greater proportion to that occasioned 
by the double boat, considering the very unfair nature of the trial, than 
could have been imagined. No danger is to be apprehended from the stop- 
•page of the double or single boats, however suddenly, as they brought them- 
selves up almost instantaneously. It is right to explain, in regard to the trial 
of the single boat, that this trial was made with the same horse that had 
previously done the experiment in the double boat; otherwise, the time 
would, no doubt, have been considerably shorter. One horse only was used 
in drawing, and, for the first two or three miles, it was ridden by the driver, 
a heavy man, without a saddle. 

<< There can be no doubt, that, if the above experiment had been made 
with a properly constructed twin boat, the surge or wave must have been 
much diminished, if not entirely done away with, while the boat would have 
been equally steady. We understand that a large passage boat, of a gig-shape, 
is at present constructing by Mr. Wood, of Port-Glasgow, for the Ardros* 
san canal, and that it is expected she will perform the voyage between Pais- 
ley and Glasgow, in three quarters of an hour, carrying 36 passengers. As 
this boat is to be single, it has been suggested that any unsteadiness or crank* 
ness in the water, may be done away with, by placing around the boat, and 
a little above the water mark, a hollow copper or iron tube, such as is used 
ill safety boats. In this way, she would at once be brought to a bearing, be- 
fore yielding much to either side, and^ at the same time, the boat would be 
at once made a safety boat. 

"Three different results from the above experiment, are worthy attention: 
first, the ease with which the boats were brought up or stopped, when mov- 
ing at a high rate of velocity; second, the little additional labor in drawing, 
occasioned to the horse when drawing the boat at this high rate, as compared 
with a low rate of velocity ; and, third, the apparent diminution of the surge 
or agitation in the water, at a high rate of vclpcity. The best explanation 
of these matters, is by the supposition, that; at a high rate of velocity, the 
flat boat rises toward the surface, and skims over instead oC cvitti'iv^tVANK^^x.* 

43 
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The moment the towing lino is slacked of, the boat sinks to her usual depths 
aind of course brings herself up immediately, owing to the increased resist- 
ance of the additional column of water which she must cut On the other 
band, when moving at a high rate, and skimj^ning near the surface of the 
water, the labor of the horse is diminished in proportion to the diminution 
of the column of water displaced, and the wave or surge is diminished in a 
like ratio. The Ardrossan canal is a very small barge canal, fitted for boats 
of from 25 to 30 tons burthen, while the Forth and Clyde canal is ten feet 
deep, and of a proportional breadth. The gigs with which the above expe- 
riments were made, belonged to Mr. Hunter, boat-builder, Brown street, 
Glasgow, who fitted up the twin boats for the experiments in the Forth and 
Clyde canal; and who is, at present, engaged in making the model of a large 
twin boat, fitted to carry passengers and luggage on the Forth and Clyde canal. 
Great credit was due to Mr. Hunter for the mode in which the twin boat 
was fitted up and connected.*' 

The diminution of wave or surge consequent on very rapid motion through 
the canal, stated to have been observed by Mr. Grahame, the writer of the 
above account, appeared very anomalous, and contrary to all previous theory, 
-and was, by many persons present at the experiment, considered as ideal. 

In the month of June afterwards, in consequence of the success of Mr. 
Houstoun's experiment, a light gig- shaped boat, built by the Ardrossan Canal 
Company, was launched on that canal, and the following is a detailed ac- 
count of her first voyage to and from Paisley: 

" First voyage of the Paisley Canal New Passage JBoaL 

• 

<<Some months ago, by the suggestion of Mr. William Houstoun, of 
Johnstone, the committee of management of the Ardrossan and Paisley ca- 
nal were induced to make certain experiments for ascertaining the rate of 
velocity at which a light gig boat might be propelled along that canal. The 
experiments were made with a gig rowing boat of about thirty feet in length, 
constructed by Mr. Hunter, boat-builder. Brown street, Glasgow; and this 
boat, with ten men on board, was drawn two miles along the Ardrossan or 
Paisley canal, in the space of less than ten minutes, without raising any 
surge or conlmotion on the water — the force employed being one horse, rid- 
den by a canal driver. No account of this trial has ever been given to the 
public; but it was so satisfactory ba to induce the committee of the Ardros- 
san canal to contract with Mr. Wood, of Port Glasgow, for a gig-shaped 
passage boat, sixty feet in length, and five fe6t in breadth, fitted to carry from 
thirty six to forty passengers. 

"In the month of April last, a number of experiments were made in the 
Forth and Clyde canal, with two gig boats fixed together, constructed by 
j^r. Hunter, and thus forming what is called a twin boat The object of 
these trials was to ascertain the rate of speed at which vessels might be pro- 
pelled along that canal, and the effect of a light double or twin boat, in giv- 
ing that degree of steadiness, which, it was apprehended, would be so much 
wanting in a light single boat. A statement of these experiments on the 
I!orth and Clyde canal, has already appeared in the newspapers, and the 
only fact therein mentioned^ which it seems necessary to repeat here, is the 
remarkable circunfstance, that the quicker the boats were propelled through 
tW water, the less appearance there was of surge or wave on the sides of the 
ainal. This result, so contrary to every previous theory, was doubted by 
^ereartd of fhe parties present %t these ^T^iments. The surge was^ at no 
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time, thdy in no instisDce, to aiiy extent, and the apparent diminution of it at 
a high rate of velocity, was supposed to be imaginary. The result of the 
experiment, however, was so satisfaatory, that a twin boat of a gig shape, 
sixty feet in length, and nine feet broad, is at present building by Air. Hun- 
ter, Brown street, Glasgow, and will be launched in the Forth and Clyde 
canal in the course of the present month. 

<<The single gig*shaped passage boat, contracted for by the Ardrossan 
Canal Committee, was launched at Port Glasgow on Wednesday last, the 
Sd of Jun^ and she was towed up to the Bromielaw, and thence carried to 
Port Eglinton the day following; and, on Friday the 4th of June, a trial, of 
which the following is an account, took place. The boat is sixty feet long, 
four feet six inches breadth of beam, and drew, on an average, including a 
deep keel, ten inches when light 

'*From the great hurry in which this trial was made, it was done under 
many disadvantages. None of the canal horses were accustomed to, or able 
for a continuation to move at any high rate of speed, and a post horse which 
had never towed a boat, and was quite new to the kind of work or pull ne* 
cessary on a canal, was the substitute* The hauling rope was too thick. The 
boat started from PortEglinton for Paisley, a few minutes after one o'clock, 
with twenty persons on board, and the di^ance from Port Eglinton *to Pais- 
ley, being seven miles, was accompli^h^jd in one hour and seven minutes. 
The greatest speed with which the i3oat moved during this journey, was at 
the rate cf one mile in nine minutes; and the slowest rate at which any one 
mile was accomplished, was eleven minutes. 

<» As the horse was quite unaccustomed to dragging boats, and it was ap- 
prehended that it might scare at the canal, and in passing under the narrow 
bridges, the rider was ordered to start, and proceed the first mile or so at a 
very moderate pace; but even at this moderate pace, the wave raised in 
front of the boat was very considerable. A high wave was seen on the ca- 
nal preceding the boat, about eighty or ninety feet in front, and, in some 
cases, farther, and causing an overflow at the bridges, and in the narrow 
parts of the canal. The surge or cutting wave behind the boat was, how* 
ever, comparatively slight, and, exeept at the curves, would not have caused 
much injury to the canal banks. The horse was very much exhausted when 
he got to Paisley; though by no means so exhausted as he was about the 
middle of the journey, having sensibly recovered after the first four or five 
miles. 

<< As it would have detained the party who came to witness the trial, top 
long, if they had remained at Paisley till the horse was fed, two post horses 
were hired there; and, lighter towing lines being attached to the boat, it 
started again, on its return to Glasgow, with twenty-four persons on board, 
four of whom were boys, and arrived at Glasgow, a distance of seven miles, 
in forty-five minutes. Unluckily, one of tb^ horses, the front one, scared 
very much at the canal, and at the bridges; and two or three stoppages took 
place in consequence, of this horse getting entangled with the ropes. By 
altering the mode of attaching the jrope, and putting the second horse in 
front, this difficulty was partially got over; and the distance of seven miles 
was accomplished in forty-five minutes, including in these forty-five minutes 
the time occupied in disentangling the horses, and changing their positions, 
and the constant delay occ^ioned by the horse before mentioned scaring at 
the canal. The greatest speed attained during the journey, was two miles 
in eleven minutes. During this voyage, the surge behind was entirely got 
g^uit of, even at the curves, where it was reduced to nothing; and there 
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was no front wave^ except at the bridges. It appeared only at the bridgeaF^ 
and just as the boat was about to enter under the bf idge^ and gradually 
disappeared as the stem of the boat cleared the bridge. Thequicker the 
boat went, the more entire was the disappearance of all waye and surgCf 
except where the water escaped in the centre of the canal, and met in two 
very noisy and rapid currents from each side of the boat at the rudder. 
This noise and rush of water was so great behind, as to induce persons 
on board to look round, expecting to see a great wave or surge on the 
bank of the canal, but on the. banks there was hardly a ripple^ The two 
rapid noisy currents seemed to be completely spent and exhausted by the 
shock of their concourse behind the boat Here, therefore, there was no 
room to doubt of the correctness of the reports of the Forth and Clyde canal 
experiments. It %vas not merely to be said that the greater the speed the 
less the surge or wave, but it was demonstrated that, at a high rate of speed, 
surge and wave were done away with altogether. 

*< Although, according to all established theory and calculation, as to the 
force requisite to obtain accelerated speed on water, the two horses from 
Paisley did more than triple the work of the single horse from Glasgow, 
supposing they had worked together, while it was evident that almost the 
whole work was done by one of the two, yet they were both much less fa- 
tigued than the single horse. Unluckily, there was no dynamometer attach- 
ed to the rope, so as to ascertain whether, contrary to all theory, the strain 
or pull was not equally diminished with the wave, and Ihe tugging labor of 
the two horses lessened instead of increased, by the accelerated rate at which 
they drew the boat There can be no doubt, however, that with one train, 
ed horse, properly attached, the distance could be done in a period under 
forty minutes. 

<< Contrary to expectation, Mr. Wood's boat was quite steady in the water, 
and by no means crank. When in the basin at Paisley, seven full grown 
persons stood on one side of her while she was empty, and could not, with 
their united weight, bring down that side to within some inches of the water. 
The keel was, however, very deep and heavy, and is to be altered. 

^It may be proper to mention that the Ardrossan canal is,. throughout, 
very narrow; at the bridges and many other places, it is only nine feet 
broad. It has a great number of turns, and many of them very sudden. '^ 

This voyage, at once set at rest all doubts on the subject of the effeet oft 
high velocity with a gig-shaped boat in a canal; and the boat in question has 
since been regularly plying on the Ardrossan canal, carrying from forty to 
fifty passengers, between Glasgow, Paisley, and Johnstone; and has fulfilled 
all the anticipations of the parties for whom she was constructed. 

From the above, it will be seen that the question of surge and injury to 
the banks, so much feared, and so strenuously insisted upon by the parties 
opposed to improvement, was forever set at rest by the voyage made by the 
light ^ig boat, in one of the narrowest canals in Scotland. 

The trial of the Paisley boat was speedily followed by a second trial, on 
the Forth and Clyde and Union canals, of a twin boat built for Mr. Gn- 
hame, by Mr. Hunter of Glasgow, to prove, on a large scale, the practica* 
bility and advantages of twin boats for canal navigation. 

The boat built by Mr. Hunter being launched, an experimental voyage 
was made to and from Endinburgh. At this voyage! was present, at the re- 
quest of the Committee of Management of the Forth and Clyde canal, in order 
to give an opinion as to the practicability of the application of steam power. 
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to |>ropel9 with rapidityi a boat of the twin form. The following is an accu* 
rate account of this experimental voyage. 

[The account of this voyage will be seen in the extrat^ts already published 
from the same work.] 

The facts detailed in the preceding article seem to establish the principle, 
that the greater the speed the less the surge; and that a gig-shaped boat, 
moving at a velocity of* nine miles per hour, completely surmounted the 
surge, and rode over the accumulating swell that, otherwise, would have 
risen in her front. 

It is a curious yet important fact, that a gig-shaped boat, moving at a ve- 
locity of from seven to eight miles an hour, produces a considerable swell 
running longitudinally with the canal, and, by the displacement of water, 
forms a hollow trough, with a heavy surge fore and aft of the boat, rolling 
slugglishly alone the banks, and, in many cases, washing over the track 
path, ten or twelve inches deep. Produce, hovv[f ver, an impulse equal to 
nine miles an hour, or until the boat is impelled at a velocity greater than 
the undulating motion of the water, and immediately the swell disappears; 
the boat glides smoothly along the surface, and proceeds with as much ap- 
parent ease, as if she were moving at only four or five miles an hour. 

Having thus mentioned the peculiar adaptation of the twin boat to high 
ftpeed, and to the conveyance of passengers, I shall now give the reasons, 
why a boat constructed with a stern paddle seems best fitted to succeed in a 
voyage, where the boat, carrying goods and luggage, has to pass from a canal 
into the open sea, or vice versa. 

It is quite clear, that, whatever may be the comparative merit of side 
paddles, such paddles are out of the question in canal navigation; as, inde- 
pendent of their liability to be injured in the locks, and on the banks of the 
canal, they must contract the bearings of the vessels to which they are at- 
tached, and make them of very small burthen. The centre paddle or twin 
boat principle, in like manner, contracts the bearings of the vessel, and the 
tunnel in which it works is liable to be choked, whenever the vessel moves 
from the canal into the sea, in stormy weather. 

The stern paddle seems, therefore, the only means for adapting a canal 
steamboat, both for sea voyages and canal traffic. The Cyclops steamer, 
formerly mentioned as built for the use of the Forth and Clyde Canal Com- 
pany, fully confirms this conclusion, and also points out what improvements 
may be made on boats of this description. 1 shall here give an account of 
her first voyage to Alloa, as contained in a letter from Mr. &raliame to my. 
self, in the month of October last: 

Glasgow, 7M October ^ 1830. 

"My DEAR Sir: Since I wrote you last, I have been on the Firth of 
Forth, and through our canal in Mr. Nelson's boat,' with the paddle behind; 
and the results of this voyage have been most satisfactory. The boat, ex- 
cept as regards shape, is replete with errors. She is too heavy, viz. she 
bears about with her a quantity of iron, sufficient to build nearly two boats 
of the same size, and of equal strength. Her engine, which ought to have 
been high pressure, is low pressure, and, though a sweet-going machine, is 
inuch too heavy. Her paddle, which, from its position, must necessarily la- 
bor under Ihe disadvantage of a deficient surply of water, is so placed as to 
enjoy thts disadvantage to its greatest possible extent, and, in addition, a 
considerable portion of the broken water, coming from the paddle, strikes 
on the stern-iron of the boat, and retards her progi^ess. I could state a nam- . 
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her of other faults, but will not trouble you with them. The party most 
opposed to stern paddles could not have desired a trial, where every possi- 
ble disadvantage was more decidedly experienced. With all these disad- 
vantages, and taking them to he irremediable, I am deckledly of opinion, 
that, in all cases where the breadth of a boat is limited, or where the pad- 
dles are subjected 1o risk of damage from narrow banks, &c. stern pad^i'^e- 
boats will be introduced, as best adapted for boats intended to carry large 
eargocs of goods, at a moderate velocity^ If all that is wanted is despntchj 
or the sloio or moderate trackage gf vesstb through a canal, the stern 
paddle may not answer so well as side or centre paddles; bul if a boat is 
wanted which will carry a large cargo, and move, both in a canal, river, or 
at sea, with a moderate velocity, then the stern paddle ^s the right means. 

<< We have already ascertained that the Cyclops can move through the canal 
with twenty tons of cargo, at a rate of about four miles and a quarter per hour,^ 
or rather better; and thaf#even with this loading, she can drag another vessel 
behind her, without any considerable diminution of her speed. Every 
person on board the Cyclops, when the above facts were ascertained, was 
convinced that an increase of the cargo to thirty-five or forty tons, would not 
have affected her speed. In fact, it appears as difficult to lessen her speed 
as to increase it. When her engine makes twenty-five and thirty-three 
strokes in the minute, her velocity in the canal is about the same; while, 
without any addition to the number of strokes, her velocity was increased 
nearly one half when in the Firth of Forth. This clearly shows that the 
deficiency in speed arises from a defective supply of water. 

<*But, to return to our experimental voyage: We started from Grange- 
mouth for Alloa, after breakfast on Tuesday the 29th of September. The 
distance is sard to be ten miles, and cannot be under nine miles. We had 
the tide against us for the first two miles, going out of the Carron river, and 
for the last mile or so going up to Alloa, and we accomplished the distance 
in one hour and forty minutes, including a stoppage of some minutes for a 
small row boat that hailed us. We returned with a favorable tide in the 
Forth, but strongly against us in the Carron, in an hour and a half. The Cy- 
clops in these two voyages was moch by the stem,being without a cargo. We 
had intended to take in twenty or thirty tons of coal at Alloa, but could not 
get them. There was a very strong side wind on the Forth, and the Cy- 
clops proved herself a most steady, excellent sea boat, and steered most 
beautifully. She appeared to me to steer far better than a side paddle boat, 
and the men on board said she could turn almost in her own length. When 
we brought her into the canal, we attached her to the passage boat, and she 
drew her along the Canal two miles — one mile in fourteen, and the other 
in fifteen minutes. We then detached her from the passage boat, and did 
two other miles, but could not save, by this decrease of her labor, more 
than aminute,oraminuteandafew seconds ineachmile. She was then attacb- 
edtothe passage boat, and dragged heron to Port Dundas. The whole tfme 
consumed on the voyage from Alloa to Port Dundas, a distance of forty 
miles, including the passage of twenty locks, by the Cyclops, and four by 
the passage boat, a considerable time lost at Grangemouth making some in- 
flpeetions, and several other delays, and a long stop at the entrance of the 
Union canal, was something under 10 hours and a half; and if the Cyclops 
Iiad been properly loaded, with a cargo of twenty or tjiirty tons, the vpyag^ 
veould have been accomplished, in less time, with all the delays and the 
trackage of the passage boat The estimate of Mr. Johnstone, who is to bave 
iAe management of the Cyclops, and mYself| is^ that with a cargo of from 
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■forty to fifty tons, she will do the voyage to Alloa, even against a head wind, 
! m eight hours and a half, and 1 do not think this period would be much in- 
. .creased, except by delay at locks, though the Cyclops, in addition, towed 
. another vessel the wholo way. I am also much inclinetl to think that she 
will make her way against a head wind, much better than a side paddle 
boat; and that, contrary to the American statement as to stern paddle boats, 
she will do better than any other kind of steamboat at sea; but this does not 
bear on the subject of steam-carrier boats intended for sea and canal naviga« 
tion, as to which I am now writing, where breadth of beam or bearing can- 
not be attained with bide paddles. In canals, stern paddles for goods' boats 
must be applied, if these boats are intended to go to sea; and, from the ex- 
periments already made with the Cyclops, I am certain the application must 
be successful. I am also convinced that a boat, exactly similar to the Cyclops, 
may be built, which will carry a larger cargo, and move at a much higher 
velocity, with the same power. The first improvement is in the use of lighter 
iron; the second improvement is the substitution of a high pressure for a 
low pressure engine, and the cutting away all the iron work which obstructs 
the escape of the broken water. This last alteration would balance the boat 
,a great deal better. The next improvements are by no means so certain or 
assured as the two last-mentioned, and consist in an alteration of the position 
of the paddle and of the build behind, so as to obtain a better supply of wa- 
ter for the paddle to act on. To understand these improvements, I beg leave 
to refer to the accompanying sketch of the Cyclops. From this sketch it 
will appear that the paddle works in a box supplied with water from the 
front, sides, and stern of the boat The supply from the front and sides of 
the box must come in under the bottom of the boat; and, to facilitate the sup- 
ply from the front, the centre keel or bottom of the boat is made to ascend 
a little to the front of the wheel, so as to let the water from the bottom of 
the boat get easier into the box or tunnel. The water which supplies the 
wheel, except tlie portion coming in from the stern, is in a manner pumped 
up by the wheel from under the bottom of the boat, and there is evidently 
a constant want of supply, as tlie water in the inside box is always lower than 
on the outside. The first improvement, that would suggest itself to any one, 
would be the removal of the paddle nearer to the stern of the boat, or outer 
^nd of the box, so as to make the supply of water from the bottom of the 
boat more firm, unbroken, and regular, than it can be at that part of the box 
where the paddle is now situated. To this improvement, it may be object. 
.ed that such removal would not only make the boat hang more by the stern, 
but would cause a lengthening of the connecting rod which moves the pad- 
tile, and a consequent loss of power. So far as this objection is founded on 
the additional stern weight, it may he got quit of by the application of a high 
pressure engine. The weight saved by this application would much more 
Ihan counterbalance the additional lever power given to the paddle. At all 
events, if the paddle is not at the end of the box, the box should end where 
the paddle ends, or a small portion of the paddle might even be left out The 
next improvement would be the giving of a supply of water to. the box and 
paddles by two large pipes passing angularly from the side of the boat into the 
front part of the box. This would occasion a certain additional resistance to 
the progress of the vessel, and the question here to be determined, is, wheth* 
er this additional resistance would counterbalance the eSectof the additional 
supply of water to the wheel. The last improvement, and which is one 
Ihat occurred to myself, would be to cut away the two lower sides of the 
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boxes on each side of the paddle, so as to give a perfectly free admission of 
the water to the wheel. To this, again, it is objected that you lose a consider- 
able portion of the stem bearing of the boat, and that you also require this 
bearing, and the strength of the iron cut away to support the paddles. I 
should think the weight, saved by the high pressure engine, would more 
than counterbalance^ the loss of bearing; and, at all events, 1 think the side . 
boxes might be partially cut away at the bottom and end, so as to allow the 1 
supply of water to come more easily and plentifully; and I am rather inclin- 
ed to think this is the proper improvement, as, by sinking the side boxes in 
the water a little, they will act as a more effectual protection to the paddles 
against side wave and wind at sea. AH that is wanted for the stern paddle, 
is to give it an additional supply of water, and, if such additional supply 
can be obtained, I think these boats will, in time, supersede the use of side 
paddle boats, even as of passenger boats. In the mean time, I think as 
goods and luggage boats, more especially where breadth of beam is wanted, 
and where it wouhl be contracted by the use of side paddles, they are the 
best Iq the case of the Union canal, for instance, where the locks are only 
twelve feet broad, and where it would be very desirable to have a steam 
communication direct from Edinburgh to Greenock, this can easily be at« 
tained by a stem paddle boat The boat might be nearly twelve feet beam, 
and, by building her of lighter iron, and using a high pressure engine, she 
might be made to carry nearly as much as the Cyclops on the same draught 
of water. This is also the kind of boat which the Mersey and Irwell Com- 
pany should get for their goods' trade. She could act as a dragger when re- 
quired, and would herself do more business than three, four, or five of their 
lighters. 

"I have written to the Union Canal Committee on this subject, and wish 
them to employ you to prepare for them a plan and specification of a stern 
paddle boat, and, in the mean time, trouble you with this information.^' 

Since the foregoing letter was written, the Cyclops has been regularly 
trading between Glasgow and Alloa, and has made her voyages to and from 
that place, during several of the most stormy days of this winter; leaving 
Grangemouth on her voyage to Alloa, when no sailing vessel could venture 
out She has carried in these voyages a cargo at one time of forty tons, and 
performs the voyage, from Alloa to Port Dundas, in little more than half 
the time which is consumed in tracking a vessel of the same burden from 
Grangemouth to Port Dundas, about two-thirds of the distance. Every 
person must be struck with the great power of, burden of this vessel (the Cy- 
clops) on a small draught of water, and I question much if there be a steam* 
boat in the kingdom which, on a draught of almost double that of the Cy- 
clops, can carry such a cargo. One of the great objections stated by Mr. 
Grahame to this boat, in his letter to me, is the weight occasioned by the 
unnecessary thickness of the iron side plates, but this was unavoidable, as 
the Cyclops was constructed, or rather altered, from an old passage boat be. 
longing to the canal company, where these thick plates were used, and this 
thickness of plate it was impossible to alter, unless the boat had been entirely 
rebuilt 

Having been consulted by the Forth and Clyde Canal Company, as to the 
improvements suggested by Mr. Grahame on the Cyclops, I have inspected 
her, and made a voyage with her to Alloa. After due consideration, I am 
convinced that all the objections to the build of the Cyclops may be got over, 
and that, by a change in the position of the paddle^ a niuch greater improve- 
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ment may be made in the powers and capaliiiities of stern paddle vessels, 
than is at pretent anticipated. 

The improvements I suggest, would be, to construct a vessel with two 
narrow paddles on each side, close to the rudder or stern of the vessel. 
, 'This would, in a great measure, obviate the objections urged against the Cy- 
-^lops; it would remove every impediment to the free access of the water to 
the paddles, and allow a free and open outlef to the discharge of the wheels 
on each side: it would also give considerably nrore bearing to the stern of 
the vessel; facilitate the working of the rudder; and furnish a large useful 
Jiold, instead of two comparatively small ones. It may here be urged, that 
two paddle wheels, viz., one on each side at the stem, would be liable to^et 
.damaged against the locks, bridges, and banks of the canal: this is certainly 
an objection of some weight, but, on a minute inspection of the plan, it will 
be found that a remedy is provided h^ a fender, cr Portcullis, sliding down 
on the outside of the wheels, to protect them from injury during the time 
they are passing the canal: at other times, when the vessel is in the open sea, 
the Portcullis is drawn up, leaving the whole space open for the free action 
of the paddles. 

I am quite persuaded that this change wilt tend to assimilale, as 'much as 
possible, the navigation of the sea, rivers, and cmals, and will have no ef- 
;&c^on the surge occasioned by the motion of the vessel through the water: 
in fact, I am rather inclined to think it will have a tendency to neutralize 
the surge, and produce no other agitation than a rippling wave in the centre 
of the canal. I think the change must also greaty improve the speed of the 
vessel, but, to what amount, it is impossible to sny without trial. A plan 
of the new proposed steai^er is annexed to this publication with the other 
plates. 

It may be asked whether steam navigation is applicable to, or would pay 
on canals not communicating with the sea. The experiment of the Cyclops 
has completely proved the benefit of steam navigation in a canal connected 
.with a firth or arm of the sea. In this case, greater speed is acquired, both 
in the canal and at sea, than could be got by any other kind of boat, and, in 
addition, perfect regularity is insured after the steamer leaves the canal; or, 
in short, the firth, or arm of the sea connected with the canal, and even the 
aea itself, are turned into a portion of inland navigation, so far as respects 
legutarity. 

In a canal, however, not communicating with the sea, steam-power must 
be equally efficacious, although, in its general application, it may not be pro- 
ductive of the same advantages as on those canals having a free outlet to the 
flea; as, in the latter instance, vessels have the opportunity of extending their 
voyages to the adjoining ports on the coast 

However much I was persuaded that steam power was the cheapest for 
high velocities, and also for propelling vessels on canals where the trade was 
regular, I was not, till lately, prepared to consider a steamboat on a canal as 
the cheapest for the conveyance of goods where the trade was irregular, and 
where the boat had not only to contain a cargo, but, at the same time, had to 
carry her own engine, and all the conveniencies necessary for the application 
of machinery. 

iVIr. Grahame has lately put into my hands a letter on this subject, ad- 
dressed to a shipping company, carrying goods along a line of canal fifty-six 
.miles in length: the calculations contained in that communication are given 
in the appendix^ and seem to be decisive in favor of steam power. 

44 
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The company to which this letter i? addressed, have to pay for a quanti-^ 
ty of horae-power sufficient to deliver forty tons of goods at each extremity 
of the line of fifty-six milej every day in the year, besides a spare power 
■employed chiefly in one particular branch of their trade. The sum thej 
pay for each delivery is oie guinea each way, or at a rate of about one* 
ninth oj a penny per ton per mile for the trackage oj the goods cor^ 
veyecL The company in question supply the trackling lines, but, with this 
addition, the charge for trackage is not increased to one-eigth of a penny per 
ion per mik. 

This is certainly a small sum whereon to effect a saving by a change of 

Kwer; but, nevertheless, rt appears (from Mr. &rahame's and my own calcu- 
ions) that not only suck saving may be effected, but an additional saving 
of a large portion of time can be madis, by the change from horse to steam- 
power. Having said thii much, I will refer the reader to the calculations 
printed in the appendix, in order that he may draw his own conclusions as 
to the accuracy of those statements. 

The calculations here referred to make it quite unnecessary to say any 
thing on the subject of steam power as a substitute for trackage on canak 
If it b^ so much cheaper than horses in the expensive shape of a moving 
and carrying power, united in the same boat, what advantages may not all 
eanals derive from its introduction in the cheap form of a tug-boat in place 
of horses? 

I should here observe, that the application of steam, either as a propelling 
or tracking power on canals, will, on most navigations, require a regular 
system of management. Certainty and despatch are the very sinews of 
commerce. Every facility should, therefore, be given to the arrival and de- 
parture of vessels, to insure the confidence of traders, and perfect certainty 
that goods will be received and delivered at their respective destination^ 
at proper and stated intervals. I conceive this to be a principle of manage- 
ment imperative on canal and all other companies, as nothing conduces 
more to the well-being of tracing establishments than good regulations, 
lounded on celerity and despatch in the traffic. 
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Errata* 

I Page 165, line 6 from top, for iSO read 1500. 

** 173,' line 10 from top, strike out the word no/, so as to read <* are 

no doubt the true ones why.** 
<* 216^ line 7 from top, for 30 read 300. 
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